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I  ntroduction 

TIk'  Hawaii  Agricultural  Experiment  Station,  on  June  30,  1939, 
completed  its  first  year  as  a  purely  Territorial  institution,  under  the 
authority  of  the  University  of  Hawaii.  The  purposes  and  objectives 
of  the  present  station  parallel  those  of  the  experiment  stations  of  the 
several  states,  the  laws  and  regulations  governing  it  are  the  same, 
and  the  F"ederal  funds  received  are  in  equivalent  amounts,  with  the 
exception  of  the  I'urnell  research  grant.  The  latter  is  still  being 
increased,  although  not  at  the  rate  specified  in  the  Hawaii  Act  of 
1928. 

With  the  virtual  ex])enditure  of  sugar-processing-tax  funds,  the 
station  operated  on  a  much  smaller  budget  than  in  the  preceding  3 
\-er.rs,  and  curtailed  operations  and  a  reduced  staff  were  necessary. 
It  is  gratifying,  however,  that  the  nucleus  of  the  excellent  research 
staff  remains  and,  with  increased  facilities,  should  continue  impor- 
tant investigations  with  significant  contributions  in  the  future. 

Increased  Facilities 

A  new  wing  to  the  agricultural  building,  completed  in  ]\Iay,  pro- 
vides research  laboratories  and  office  space  for  the  departments  of 
chemistry  and  soils,  soil  ]ihysics,  plant  physiology,  plant  pathology, 
entomology,  olericulture,  jiomology,  and  human  nutrition. 

A  new  greenhouse  adds  to  the  existing  facilities  for  re.search  in 
soils,  jjlant  physiologw  jilant  pathology,  and  entomology. 

Improvements  in  the  dairy  consist  of  a  pasteurizer  and  an  addi- 
tion to  the  refrigeration  plant. 

A  superintendent's  cottage  and  a  fresh  water  system  were  con- 
structed at  Poamoho  Farm :  the  buildings  and  equipment  at  the 
Kona  and  Haleakala  Branch  Stations  were  also  improved. 

The  agronomy  and  a  portion  of  the  horticultural  offices  and  lab- 
oratories remain  at  Pensacola  and  Prospect  Streets,  on  Federal  prop- 
erty. The  station  may  be  deprived  of  the  use  of  these  lands  and 
buildings  at  any  time  and  will  be  forced  to  replace  the  facilities. 

Changes  in  Personnel 

The  last  annual  report  recorded  the  resignation  of  Dr.  O.  C. 
Magislad  as  director.    On  October  1,  1*>38,  President  Crawford  and 
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the  regents  of  the  University  appointed  Dr.  J.  H.  Beaumont,  horti- 
cuhurist,  as  his  successor. 

During  the  year  a  department  of  plant  physiology  was  formed, 
with  Dr.  H.  F.  Clements  appointed  plant  physiologist  and  H.  G. 
Heggeness  a  graduate  assistant.  E.  K.  Akamine  was  transferred 
from  the  agronomy  division  to  a  position  as  assistant  in  plant  physi- 
ology. 

Mr.  William  B.  Storey,  junior  pomologist,  took  leave  from  Sep- 
tember 1938 ;  during  his  absence  Dr.  H.  D.  Michener  is  serving  as 
a  research  fellow.  A.  W.  Burt,  superintendent  of  the  Haleakala 
Branch  Station  resigned  in  July,  and  his  position  was  taken  by  F. 
T.  Murphy. 

Other  separations  from  the  research  staff  during  the  year  in- 
cluded J.  H.  Payne,  associate  chemist,  H.  J.  Spencer,  assistant  bi- 
ologist, G.  W.  H.  Goo,  junior  parasitologist,  Ellen  Chang,  assistant 
in  parasitology,  and  Amy  Suehiro,  assistant  in  entomology.  Addi- 
tional new  employees  were  J.  B.  Bartlett,  junior  chemist,  and  J.  J. 
Holzman,  assistant  in  horticulture. 

Research  Program  and  Accomplishments 

The  program  of  the  experiment  station  includes  research  on 
fundamental  and  far-reaching  scientific  problems  as  well  as  on  ques- 
tions of  more  immediate  practical  value.  Among  the  former  may 
be  mentioned  investigations  of  the  chemical  and  physical  properties 
of  Hawaiian  soils,  determination  of  the  mineral  and  vitamin  contents 
of  locally  grown  food  crops,  identification  of  diseases  and  insects 
affecting  various  plants,  and  genetic  and  physiological  studies;  the 
latter  group  includes  such  projects  as  sterilization  and  storage  of 
fruits  and  vegetables,  treatment  of  cattle  and  poultry  for  parasites, 
and  determination  of  the  animal-feed  value  of  various  local  by- 
products. 

Some  of  the  more  significant  projects  of  research  in  the  various 
departments  include : 

Agronomy.  Introduction  of  forage  and  pasture  species  from 
tropical  and  sub-tropical  countries ;  determining  adaptability  and 
growth  characteristics  of  the  introductions  at  four  localities ;  testing 
desirable  species  for  palatability  and  forage  value ;  and  an  ecological 
survey  of  distribution  of  grasses  and  shrubs  throughout  the  Terri- 
tory, with  a  classification  of  agricultural  lands  into  climatic  zones. 
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.liiinni!  I ! iishiinilry.  '\'v^{  nf  papaya  and  avocado  as  feeds  for 
swiiie;  u>c'  nf  \  c•a•^t  In  mi  ram-  molasses  as  protein  supplement  for 
swine;  and  a  i)il(H  lot  on  ilii'  value  of  urea  as  a  sul)stitute  for  pro- 
tein in  dairy  rations. 

Clioiiistry  and  Soils.  Determination  of  the  form  and  availability 
of  phosphorus  in  Hawaiian  soils;  and  a  study  of  the  factors  affecting 
rate  of  mineralization  of  organic  nitrogen  in  the  soil,  and  consequent 
availahilit}'  of  the  element  to  |ilants. 

EntonioUxjx.  Identification  and  study  of  life  habits  of  insect 
pests  of  truck  and  fruit  cro])s;  search  for  parasites  of  the  cabbage 
worm  :  and  determination  of  habits  and  effects  of  the  tomato  bug. 

1! ortii  itll lire,  h'ffects  on  the  papaya  of  heat  sterilization  treat- 
ment to  ])crmii  .shii)mrnt  of  fruits  to  the  mainland;  a  study  of  oil 
formation  and  storage  in  the  macadamia,  as  they  affect  cultural 
practices  ;  measurement  of  macadamias  during  three  seasons  to  deter- 
mine susceptibility  to  seasonal  variations ;  treatment  of  litchi  cuttings 
with  indole  aci'tic  acid  to  jjromote  rooting  of  cuttings;  use  of  eth}'lene 
chlorolndrin  to  induce  earlier  germination  of  seed  ])otatoes;  and 
selection  of  rust-resistant  green  beans,  large  firm-headed  lettuce 
varieties,  and  cauliflower  with  good  heading  characteristics. 

Xuh'ifion.  Determination  of  the  composition  and  food  value 
of  12  common  and  3  Filipino  vegetables  grown  in  Hawaii;  establish- 
ment of  curves  of  response  for  biological  determinations  of  vitamins; 
study  of  the  diets  of  56  independent  farmer-families  in  Hawaii  ;  an.d 
a  survey  of  hemog]ol)iu  and  blood-cell  values  of  preschool  childreii 
and  young  men  and  women  in  Hawaii. 

Parasitohnjy.  Continued  work  with  Distol  and  kamala  in  treat- 
ment of  cattle  with  liver  fluke;  exposition  of  the  life  cycles  of  the 
parasites  of  ])oultry.  Siibiilura  brumpti  and  Postharuiostoniitiii  gal- 
liniiin:  collection  of  ]iarasite.s  infecting  local  horses;  and  a  studv  of 
effects  <jf  nutrition  oi  poultry  on  resistance  to  parasitism. 

Plant  Pathohniy.  (  ireenhouse  studies  of  the  strains  of  bean  rust 
present  in  the  'i"erritor\' ;  mechanical  transmission  of  a  disease  of 
papaya,  believed  to  be  virus  in  origin  ;  and  proof  that  one  of  the 
most  serious  diseases  of  tomato  is  caused  by  the  yellow  spot  of  pine- 
apple virus. 

Plant  Plixsiol()(/y.  Study  of  the  factors  affecting  germination 
of  the  seed  ])ieces  of  sugarcane;  detenuiuation  of  the  arsenic  tolerance 
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of  Sudan  grass,  tomato,  and  ljusli  bean ;  and  treatment  of  seeds  with 
various  substances  to  increase  germination. 

Poultry.  Breeding  of  chickens  in  wire-floored  houses  for  reduc- 
tion of  parasitic  and  other  diseases ;  vaccination  of  day-old  chicks 
against  fowl  pox  ;  and  a  study  of  the  rates  of  gain,  feed  consumption, 
and  costs  of  production  of  New  Hampshire  chickens. 

Publications.  The  annual  report  and  4  bulletins  have  been  re- 
leased by  the  station  during  the  year.  In  addition  16  technical  pa- 
pers and  13  popular  articles  have  been  published  in  various  journals. 


Agronomy 


Pasture  Investigations 

Pasture  Survey 

The  ecological  approach  to  the  study  of  land  utilization,  used 
widely  elsewhere,  should  he  of  especial  x  alue  in  a  program  of  diver- 
sified agriculture  for  Hawaii.  Fvu^ther  study  of  the  distribution  of 
plant  species  shows  that  the  climatic  zones  (previously  described) 
are  not  entirely  adequate.  Subdivision  of  certain  of  the  zones  on 
the  basis  of  altitude  leads  to  greater  conformity  with  distril)ution 
of  I)Oth  wild  plants  and  cultivated  species.  There  are  indications 
also  that  insect  pests  and  diseases  of  crops  may  well  be  studied  by 
climatic  zones.  Investigations  in  the  field  demonstrate  the  desir- 
ability of  this  method  of  classifying  desirable  pasture  species  as 
well  as  important  plant  pests  according  to  their  zonal  distribution. 

Both  native  and  introduced  species  of  grasses  and  shrubs,  well 
adapted  to  specific  zones,  may  spread  rapidly  at  the  expense  of 
more  desirable  but  less  acclimated  plants.    Familiar  examples  of 


Figure  1. — Mechanical  eradication  niakes  possible  rapid  and  economical  clear- 
iny  of  plant  ix'sts  l)elorc  planting  waste  land  to  jjasture 
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such  pests  are  lantana  (Lantana  caniara)  and  guava  {Psidium  gua- 
java).  Large  sections  of  permanent  pasture  land  have  been  rendered 
practically  useless  by  this  encroachment,  and  the  reclaination  of  land 
for  other  agricultural  purposes  necessitates  eradication  of  the  too- 
persistent  species.  Table  1  lists  the  principal  plant  pests  of  the 
Territory,  as  indicated  by  a  pasture  survey.  Weeds  of  cultivated 
fields  are  not  included. 

Numerous  factors  enter  into  the  determination  of  vegetation  which 
will  be  successful  in  a  particular  location.  These  include  the  vari- 
ous aspects  of  climate,  soil,  competition  with  other  plants,  and  pas- 
ture management.  Under  Hawaiian  conditions,  the  distribution  of 
wild  plants  and  ranch  experience  with  planted  species  both  indicate 
that  the  climatic  factors  are  most  important.  Table  2  lists  a  number 
of  the  desirable  grasses  and  legumes,  to  serve  as  a  general  planting 
guide,  with  information  as  to  zonal  distribution  and  other  growth 
conditions.     (Ripperton,  Hosaka) 

Introduction  and  Testing  of  Forage  Plants 

New  forage-plant  accessions  during  the  year  totaled  182  grasses, 
74  legumes,  and  24  shrubs.  In  the  introduction  of  species,  the 
special  needs  of  the  Territory  are  being  given  consideration : 

(1)  Soilage  crops  jar  dairies.  Perennial,  high-yielding  fodder 
grasses  are  desirable  for  dairy  cattle.  Pennisetmn  purpureuin  (Na- 
pier grass ) ,  one  of  the  leaders  in  this  class,  tends  to  produce  forage 
of  low  protein  content  and  a  large  proportion  of  stem,  and  is  adapted 
only  to  the  lower  levels.  Sorghum  vidgare  sudanense  (Sudan  grass), 
although  highlv  palatable,  is  now  little  grown  because  of  its  sus- 
ceptibility to  rust  and  its  relatively  poor  ratoon  crops. 

In  addition  to  extensive  experiments  with  Napier  grass  strains 
and  cultural  methods,  four  Sudan  grass  selections  from  Texas  are 
under  trial.  One  is  said  to  be  resistant  to  rust;  another,  a  cross 
with  a  forage  sorghum,  has  a  sweet  sap. 

Leguminous  crops  adapted  to  periodic  cutting  are  needed  to  re- 
place large  shipments  of  mainland  alfalfa,  hay,  and  concentrated 
feeds.  Leucaena  glauca  (koa  haole)  and  DesniantJms  virgatus  ap- 
pear to  be  suitable  for  this  purpose ;  recent  introductions  of  promise 
are  Stylosanthes  guyanensis  (trifolio)  and  several  species  of  Des- 
nwdiuni — discolor,  tortuosutn,  barbata,  and  pahularis. 
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(2)  Pasture  legumes  for  moist  areas  at  medium  altitudes.  The 
windward  areas  in  Zone  E,  below  3,000  to  4,000  feet,  are  devoid  of 
desirable  pasture  legumes  or  leguminous  shrubs.  Fertilization  and 
sound  pasture  management  should  extend  the  temperate-zone  leg- 
umes, such  as  Trifolium  rcpens  (white  clover),  to  lower  levels,  but 
it  is  probable  that  chief  reliance  must  be  placed  upon  more  tropical 
genera.  The  Desnwdium  species  mentioned  above  offer  promise ;  D. 
unciiiatum  (the  common  Spanish  clover)  is  known  to  grow  on  acid, 
poorly  drained  soils. 

(3)  Dryland  grass  species.  On  many  of  the  leeward  areas,  for- 
age is  sparse  and  must  compete  with  such  pests  as  lantana  and  cactus. 
PaniciiiH  ma.riinum  (guinea  grass)  is  probably  the  most  useful  of 
the  available  dryland  species.  Several  distinct  strains  have  been 
secured :  a  broad-leaved,  dark  green  type  known  as  colonial  grass, 
from  Brazil,  two  types  imported  from  East  Africa,  and  a  dwarf 
type  with  hairy  leaves  and  a  tendency  to  profuse  blooming,  from 
Kauai.  These  are  being  compared  as  to  yield  and  adaptability  to 
climatic  zones.    (Lyman,  Ripperton) 

Persistence  of  Pasture  Species  Under  Grazing 

Four  paddocks  planted  to  grass  and  legume  mixtures  are  being 
grazed  in  rotation,  to  determine  the  persistence  of  the  various  species 
under  pasture  conditions.    Prior  to  grazing,  data  were  taken  on 


Figure  4. — Grazing  experiment :     Left,  mixttires  of  promising  species  com- 
peting against  each   other   and   vohmteers   under   intermittent  grazing 
right,  making  botanical  estimates  of  individual  species  in  a  mixture 
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FiorRE  2. -Prrmiisiiif?  ft.ras^e  grasses:  1st  rdw,  Andropotion  fiircafiis :  Pas- 
paluiii  iinilacophyllutii :  2nd  row,  Pani^  inn  viriuitum  ;  Andrnfofioii  sccporhis: 
Jrd  row,  Fanicum  iiniximniii  (two  strains);  and  Cyiiodon  plcclostachxinii 
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■    ■  '<',■., 

Figure  3. — Promising  forage  legumes: 
response  to  fertilizers)  ;  the  same 
row,  Stylosanthcs  guyanensis  and 
3rrl  row,  Dcsiuautlnts  virgatus;  and 


1st  row,  Trifoliuin  repens  (showing 
legume,  doing  well  in  pastures ;  2ud 
5".  mitcronata ;  Dcsmodiuin  discolor ; 
Dcsmodium  tortuosnm 


Annual  R effort  1039 


19 


each  pl(jt  as  td  \  icld  of  ^rcc-n  fuia.i^e  of  tlic  four  (ir  five  major  s]X-oies 
represented,  and  stand,  vi.^or,  and  ground  coverage  of  all  species 
planted.     (  I\ii)i)erton,  l.ynian) 

Comparative  Palotability  of  Forages 

A  test  of  the  i)alatal)ility  of  nine  forage  grasses  was  discussed  in 
the  I'MS  annual  report.  An  excess  of  a  particular  grass  was  stall- 
fed  to  a  steer,  and  the  relative  amount  consumed  was  com])ared  with 
consumption  of  Xapier  grass  hy  tlie  same  steer. 

Two  additional  methods  of  studying  ]ialatal)ility  have  since  heen 
inaugurated.  I'>y  one  method,  15  species  of  gras.ses  and  legumes 
were  ch()])iied  and  jjlaced  in  racks  so  that  S  heifers  had  free  access 
to  all  forages.  Tiie  relative  amounts  of  each  eaten  were  determined 
and  ex])ressed  as  percentages  of  Napier  grass,  which  is  considered 
\er\-  palatahle,  and  Rhodes  grass,  of  onh'  fair  jialatahility. 

f 


FlGCK!-:  5. — (irazins  cafeteria:     Lett,  general  view  of  20  >pecies  in  the  cafe- 
teria :  ritiiit,  close-up  view,  after  lieavy  grazing 


'l"he  second  mctliod  consisted  ol  allowing  animals  to  graze  in  a 
■'grass  cafeteria."  Relative  palatahility  was  determined  hv  record- 
in,g  the  order  in  which  the  grasses  were  eaten  and  the  total  amount 
of  each  c<  msunied. 

.Sueh  intormation,  i)ro])erly  interpreted,  is  useful  in  determining 
the  forage  value  ot  a  grass  and  the  method  of  management.  ( I.yman, 
Rip])erton  ) 
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Napier  Grass  Investigations 

A  replicated  experiment  comparing  16  strains  of  Pcnnisetum 
purpnrcum  (Napier  grass)  was  established  at  Poamoho  Farm  in 
July  1938.  The  rate  of  fertilization  has  laeen  heavy,  totaling  400 
pounds  of  nitrogen,  300  pounds  of  phosphoric  acid,  and  300  pounds 
of  potash.  To  date,  four  crops  have  been  harvested.  T.rowth  has 
been  slower  at  this  location  than  at  University  farm,  but  the  yields 
have  steadily  increased.  With  ample  plant  food  and  water,  the 
plants  have  retained  green  leaves  the  full  length  of  the  stalks,  in 
contrast  to  the  common  tendency  of  mature  Napier  to  consist  main- 
ly of  stem  with  dried  basal  leaves  and  a  tuft  of  green  leaves  at  the 
apex.  The  protein  content,  on  an  oven-dry  basis,  has  been  main- 
tained at  a  fairly  high  level  (abour  lO'yc  )  for  the  first  three  crops. 
This  is  probabh-  due  to  the  heavy  nitrogen  fertilization  and  the 
greater  leafaee  resulting  from  slow  initial  growth. 

In  common  with  man_\-  other  strain  crosses,  a  number  of  the 
selections  show  a  better  tendency  to  develop  viable  seed  than  the 
standard  Napier.  Dense  stands  of  new  seedlings  are  often  found  in 
these  plots.  It  is  possible  that,  instead  of  planting  crowns  or  cut- 
tings, a  natural  spread  through  seeding  ma>-  be  accomplished  m 
areas  too  rough  to  plow  or  infested  with  guava.  (Ripperton,  Taka- 
hashi ) 

Seeding  of  Pasture  Crops 

A  common  practice  in  Hawaii  is  the  feeding  of  koa  haole  seed 
mixed  with  molasses  to  cattle  on  the  range.  The  defecated  seed  is 
said  to  germinate  to  a  greater  extent  than  untreated  seed  sown  on 
undisturbed  soil.  To  test  this  report,  each  of  two  animals  was  fed 
a  5-pound  lot  of  untreated  seed.  Oi  the  seeds  fed,  58  percent  were 
recovered  in  the  feces:  15  percent  consisted  of  partially  digested 
seeds,  black  in  appearance  and  abnormally  large  in  size,  and  the 
remaining  43  percent  were  apparently  unaffected.  The  recovered 
seeds  were  planted,  and  germination  records  indicate  that  the  ap- 
parently unaffected  seeds  reacted  in  approximately  the  same  manner 
as  fresh  seeds,  while  the  partially  digested  seeds  gave  evidence  of 
greatly  reduced  germination.  Attempts  to  secure  germination  of 
defecated  seed  in  the  feces  did  not  improve  the  results.  Fermenta- 
tion and  a  hard  crust  forming  on  the  surface  reduced  germination. 
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Seeds  of  various  leguminous  s])ecies  were  inoculated  with  bac- 
terial cultures  secured  through  the  cooperation  of  Dr.  ().  X.  Allen, 
bacteriologist  at  the  University,  and  planted  at  Poamoho  P'arm  and 
at  the  l'en>ac(ila  and  1  laleakala  Hranch  Stations.  Nodule  for- 
niaticin  occurred  on  all  species,  but  no  differences  were  noted  in 
rates  of  growth  of  tlie  legumes.  Field  observations  of  legumes 
planted  in  ])astures  where  the  s]iecies  had  not  previously  grown 
have  shown  excellent  natural  nodulation  occurring  in  a  variet\-  of 
genera.    ( Lyman) 

Field  Crop  Studies 

Sweet  Corn 

Partially  confounded  2X2X2  fertilizer  ex])eriments  with  U.  S. 
1).  A. -34  sweet  corn  were  installed  at  Poamoht)  Farm  and  at  Hale- 
akala.  the  former  in  March  and  the  latter  in  May.  Treatments  con- 
sisted of  no  fertilization  (  control  )  and  single-element,  double-element, 
and  com])lete  fertilization,  with  nitrogen,  phosphoric  acid,  and  ])otash, 
each  at  the  basic  rate  of  100  pounds  ])er  acre.  Xitrogen  fertilization 
was  in  two  a])])lications.  one-half  at  time  of  jilanting  and  the  re- 
mainder ()  weeks  later;  the  other  constituents  were  ajtijlied  at  time 
of  ])lanting. 

At  Poamoho,  the  effects  of  treatment  were  ])ronounced  during 
the  first  ()  weeks  of  growth.  All  ])lots  receiving  ]jhos])h()rus  were 
exce]»tionall\'  \  igorous — in  some  ])arts  of  the  field  the  corn  was  two 
or  \hvvv  times  the  height  of  that  in  the  no-phosphate  plots.  Sub- 
se(|uentlv  growth  in  the  latter  accelerated  until  at  maturity  the  re- 
s]M)nse  to  phosj)horus  was  not  i)ronounced.  Significant  increase  was 
found  in  size  of  marketable  ears  btit  not  in  inimber. 

The  growth  to  date  at  Flaleakala  (2.200  feet  altitude)  is  not 
more  than  half  that  at  Poamoho  (700  feet)  at  the  satue  age.  This 
and  other  trials  em])hasize  the  need  of  breeding  strains  suited  to 
higher  elevations.  (Takahashi) 

Sweetpotatoes 

Another  test  of  five  of  the  station's  most  ])romising  seedling  va- 
rieties was  made  at  Poamoho  Farm  in  Xoxcmber  W.SS  and  har- 
vested in  May  I'K^'K  ^'ield  data  on  tlu'  present  test  are  gi\'en  in 
table  .1.    The  seedling  varieties  did  not  yield  in  the  >ame  order  of 
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superiority  as  last  year,  but  their  size  and  shape  were  excehent. 
(Takahashi) 


Table  3. — Comparison   of   mean   yields   of  sweetpotato   varieties   grown  at 

Poamoho  Farm 


Variety 

Mean 
yield 
per 
acre ' 

Characteristics 

35.14  (seedling  variety) 

Tons 
11.49 

M^edium-long  busliy  growth  \  oval  tu- 
bers with  dark  yellow  flesh,  slightly 
veined 

35.9 

do 

0  51 

1  ("ktio*  trciiliiio'  oTow/^'n  "  r\A/T*i Tf~if m  tnnprc 

with  yellow  flesh 

35.23 

do 

9.39 

Medium-long  bushy  growth ;  pyriform 
tubers  with  dark  orange  flesh 

35.5 

do 

7.05 

Short  bushy  growth ;  turnip-shaped 
tubers  with  light  vellow  flesh 

Yellow 

Yam 

6.65 

Long  trailing  growth ;  pyriform  tubers 
with  dark  orange  flesh ;  tendency  to 
produce  many  small  tubers 

Nanc\- 

Hall 

4.96 

Short  bushy  growth ;  irregular  tubers 
with  numerous  ridges  and  dark 
orange  flesh 

35.19  (seedling  variety) 

Difference  between 
means  required 
for  significance 

3.85 
2.58 

Long  trailing  viny  growth ;  irregular 
tubers  with  light  yellow  flesh 

^Mean  yield  calculated  from  six  plats,  each  126  square  feet  in  area. 


Taro  Variety  Test 

A  test  of  10  upland  varieties  of  taro,  planted  in  June  1937  at  the 
Kona  Branch  Station  under  randomized  block  layout,  with  six  repli- 
cations, was  harvested  after  15  months  of  growth.  The  results  are 
given  in  table  4. 
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Since  iiiillin,!^-  data  and  hutaiiical  studios  showed  tliat  hotli  iliuaua 
and  Tstn-nnoko  arc  distinctly  different  from  the  Polynesian  varieties, 
and  because  of  tlieir  obvious  difference  in  yield,  they  were  not  includ- 
ed in  the  statistical  analysis.  Among  the  eight  Polynesian  varieties, 
Lehua  Maoli  significantly  outyielded  Mana  Keokeo,  Lehua  Palaii, 
Ulaula  Kuniu.  and  Mana  Ulu. 

Results  of  a  milling  test  showed  considerable  variation  in  the 
percentages  of  ])aiai  recovered,  ranging  from  57.0  percent  for  Tsuru- 
noko  to  KS.Z  jiercent  for  Mana  Ulu.  These  differences  would  seem 
to  justify  a  factory  practice  of  purchase  of  taro  on  the  basis  of  yield 
of  paiai. 

No  baking  tests  were  run,  but  the  quality  of  flour  ])roducecl  from 
these  U])Iand  varieties  compared  favorably  in  appearance  with  that 
produced  from  wetland  varieties  previously  tested.  Flour  color 
ranged  from  yellow  to  dark  gray,  depending  primarily  on  the  color 
of  the  corm  flesh. 

The  (juality  of  the  malted  taro  product  produced  was  (|uite  dif- 
ferent from  that  produced  from  the  wetland  varieties  in  that  it  aj)- 
peared  more  fibrous  and  tended  to  form  flocculent  masses  when 
made  into  a  beverage.  Chemical  analyses  did  not  indicate  any  ap- 
preciable difference  between  the  upland  and  wetland  taros  as  to 
fiber  content.  There  is  a  possibility  that  this  difference  in  behavior 
might  be  eliminated  by  modification  of  factory  technique. 

The  non-Polynesian  varieties,  Iliuaua  and  Tsurunoko,  could  not 
be  made  into  the  dried  taro  products  since  the  paiai  will  not  "set." 
]\Ior])hologically.  both  of  these  are  similar  to  the  Polynesian  varieties, 
but  physiologically  they  are  quite  distinct.  Even  among  the  Poly- 
nesian varieties  there  is  a  certain  amount  of  difference  with  regard 
to  desirability  for  taro  products.  As  a  general  rule  the  varieties 
which  arc  best  suited  for  the  making  of  poi  give  the  best  perfor- 
mance in  the  manufacture  of  taro  products.    (Takahashi,  Ripperton) 

Fertilization  of  Taro 

.\n  experiment  at  Kona,  designed  to  determine  differences  in 
yield  of  taro  due  to  fertilization,  was  concluded  during  the  year. 
The  variety  Lehua  Palaii  was  used  in  this  test.    Yields  per  acre 
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witli  the  \;u"i()us  trcatnit'iits  are  listed  below: 

X-K          23.5  tons                       X-P-K  21.9  tons 

N-P          20.2  tons                    2N-P-K  22.8  tons 

P-K          21.6  tons                     3X-P-K  21.7  tons 
Check           18.8  tons 

Difference  retjuired  for  significance — 3.2  tons. 

Resjionse  to  the  fertilizers  was  slight,  only  the  N-K  and  2N-P-K 
treatments  significantly  outyielding  the  check  plot.  This  was  prob- 
a])ly  due.  in  part  at  least,  to  the  natural  fertility  of  the  soil,  the  check 
plot  yielding  18.8  tons  per  acre  as  compared  with  an  estimated  aver- 
age for  the  Territory  of  6  to  10  tons.    (Takahashi.  Ripperton) 


Anima!  Husbandry 


Cattle 

Value  of  Molasses  as  a  Supplement  to  Napier  Grass 

In  a  fourth  12-\veek.  double-reversal  experiment  with  eight  cows, 
Napier  grass  fed  as  a  roughage  was  compared  with  the  same  grass 
over  which  had  been  poured  4  pounds  of  cane  molasses  per  cow  per 
day.  The  cows  receiving  molasses  produced  an  average  of  32.3 
pounds  of  milk  per  day  while  those  not  receiving  the  supplement 
produced  31.3  pounds  per  day.  The  butter  fat  content  was  lower  on 
molasses,  however  (3.75  percent  compared  to  3.83  percent).  In 
order  to  allow  for  this  difference,  production  was  corrected  to  a  4- 
percent-fat  basis  by  Gaines'  formula,  giving  31.1  pounds  and  30.5 
pounds  milk  per  day  for  cows  when  molasses-fed  and  when  not  re- 
ceiving the  supplement  respectively.  The  cows  averaged  23  pounds 
additional  live  weight  when  cane  molasses  was  fed.  In  the  three 
previous  experiments,  cows  fed  molasses  produced  slightly  more 
milk  and  made  better  gains  in  weight.     THenke,  Maruyama) 

Comparison  of  Rhodes  and  Sudan  Grasses 

The  second  and  third  experiments  comparing  Rhodes  and  Sudan 
grasses  as  roughages  for  dair}-  cows  were  completed  during  the 
year.  Although  milk  production  was  higher  on  the  first  test  when 
Rhodes  grass  was  fed,  the  two  succeeding  tests  gave  a  slight  advan- 
tage to  Sudan  grass.  The  average  daily  production  for  the  three 
trials  was  35.7  pounds  of  milk  on  Sudan  grass  and  35.0  pounds  on 
Rhodes.  Percentages  of  fat  in  milk  were  almost  identical,  and  a  dif- 
ference in  live  weight  occurred  in  only  one  trial. 

One  factor  of  interest  was  that  consumption  of  Sudan  grass  av- 
eraged 54  pounds  daily,  as  compared  with  only  38  pounds  of  Rhodes 
grass.  This  was  undoubtedly  due  in  part  to  the  higher  moisture 
content  of  the  former  (26.5  percent  compared  with  22  percent).  Total 
daily  nutrient  intake  per  cow  from  Sudan  grass  averaged  10.5  pounds, 
and  9.1  pounds  from  Rhodes  grass.  Concentrates  consumed  were 
the  same  for  both  lots.    (Henke.  Maru\ama) 


.  I)iiniiil  Report  V)30 


27 


Soybean- versus  Cottonseed-Oil-Cake  Meal 

C'i>tt()iisec(l-()il-cakt'  meal,  altli(iu.L;li  iidt  ci >iniii()nl\-  a\'ailable  in 
Hawaii,  can  he  sccnred  on  s])c'cial  orck-r.  and  at  times  the  price  is 
lower  than  that  of  >()\hean-(iil-cake  meal.  These  two  concentrates 
were  conijiared  in  a  12-week,  double-reversal  experiment  with  eight 
cows,  60  pounds  of  each  being  added  to  a  ration  composed  of  50 
pounds  pineapple  bran,  .SO  pounds  cane  molasses,  6  pounds  coconut- 
oil-cake  meal,  M)  pounds  linseed-oil-cake  meal.  2  pounds  salt,  and  2 
l)ounds  steamed  bone  meal.  The  amounts  of  concentrates  and  of 
roughage  (  Xapier  grass)  consumed  daily  were  the  same  for  both  lots. 

Milk  ]iro(luction  was  slightly  lower  and  hutterfat  content  slightly 
higher  when  cottonseed-oil-cake  meal  was  fed,  Init  the  differences 
were  not  statistically  significant.    (Henke,  Work) 

Cane  Molasses  for  Pasture  Fattening  of  Beef  Cattle 

In  a  second  cooperative  ex])eriment  at  W'aianae  Ranch,  a  60- 
acre  pasture  of  koa  haole  was  divided  into  two  30-acre  experimental 
fields,  and  12  grade  Aberdeen  Angus  steers  were  put  in  each  lot  for 
a  period  of  444  days  from  May  7,  1937,  to  July  24,  1938.  Steers  in 
one  lot  received  sup]>leinentary  cane  molasses  in  a  trough.  Sum- 
marized results  of  the  trial  ajipear  in  table  5. 


Table  5. — Summarized  results  of  supplementary  cane  molasses  for  fattening 

beef  cattle 


Pasturage 

Lot  A 
Koa  haole 
I)asture 
only 

Lot  B 
Koa  haole 
pasture  with 
supplementary 
cane  molasses 

Average  final  weight 

(pounds) 

934 

1,019 

Average  initial  weight 

do 

563 

551 

Average  total  gain 

do 

371 

468' 

Average  daily  gain 

do 

0.84 

1.06 

Average  daily  molasses 
consumption 

do 

4.89 

'One  steer  in  this  lot  died  at  the  end  of  112  days,  and  the  figures  have  been  adjusted 
accordingly. 
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Figure  6. — Steers  in  second  Waianae  experiment  feeding"  on  broken-down  Icoa 

haole  with  seed  pods 


Average  daily  gains  were  lower  for  steers  on  both  lots  than  in 
the  previous  experiment,  and  molasses  consumption  was  higher,  due 
probably  to  two  factors — lower  rainfall  and  reduced  palatability  of 
the  pasturage.  In  this  test  rainfall  averaged  only  0.094  inch  per 
day,  less  than  half  the  dail\-  rainfall  in  the  first  trial.  Moreover,  the 
koa  haole  was  so  tall  tliat  mttch  of  the  growth  was  beyond  the  reach 


Figure  7. — Xinth  ribs  from  steers  in  second  Waianae  experiment :  Left,  from 
steer  receiving  molasses  in  koa  haole  pasture ;  riglit,  from  steer  on  koa 
haole  only 
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of  the  steers.  In  the  last  few  weeks  of  the  trial  the  tojjs  were  cut 
from  the  legumes,  and  the  axidity  with  which  the  animals  ate  and 
the  increased  gains  in  weigiil  indicated  that  the  i)ractice  of  to])])ing 
tall  k'oa  haole  may  he  desirahle. 

Two  steers  Irom  each  lot  were  slaughtered  at  the  termination  of 
the  experiment.  The  dressing  percentages  averaged  39  for  hoth  lots, 
but  there  was  hetter  marbling  and  more  fat  on  the  ninth  ribs  of 
molasses-fed  steers  than  of  the  animals  not  receiving  the  sui>plement 
(see  fig.  7).  The  two  carcasses  from  the  latter  lot  were  graded 
"to]i  mediinn"  and  "low  good"  while  both  carcasses  of  steers  receiv- 
ing the  supi)lement  were  graded  "good."    (  llenke.  Work.  Hurt  ) 

Swine 

Protein  Supplements  in  Swine  Rations 

A  second  test  was  com])letecl  comparing  the  value  of  three  pro- 
tein supplements:  tuna-lish  meal,  roasted  soybeans,  and  soybean- 
oil  meal.  The  |)igs  were  younger  than  those  used  in  the  previotis 
test,  and  rates  o1  gain  were  lower  with  more  feed  consumed  per 
pound  of  gain.  .\lthough  gains  were  greater  for  the  lot  fed 
soybean-oil  meal,  concentrates  fed  ])er  pound  of  gain  were  less  with 
grotmd  soybeans.  However,  unless  soybean  production  in  the  Ter- 
ritory increases,  the  feeding  of  this  form  of  protein  su])plement  will 
not  be  advantageous. 

.\nalyses  of  .sam|)les  of  back  fat  from  several  pigs  in  each  lot 
gave  iodine  and  sa|)onification  numbers  within  the  range  for  lard  oil, 
sugge.sting  a  relatively  soft  fat  for  all  three  lots.  The  butcher  who 
purchased  the  animals  corroborated  these  chemical  findings.  (Work, 
Henke  ) 

Algorobo  Beans  for  Fattening  Swine 

.\  second  stud\-  has  been  completed  of  the  \alue  of  the  algaroba 
bean  (.seed  ])ods  of  Prosopis  cliilcnsis)  in  fattening  swine.  In  the 
first  test,  ground  kiln-dried  beans  were  fed,  while  in  the  more  recent 
test  .sun-dried  algaroba  beans  picked  up  from  under  the  trees  were 
choi)ped  and  fed  to  ])igs.  entirely  re])lacing  the  f)4  percent  of  barley 
in  a  standard  ration.  The  barley-fed  ])igs  reached  market  weight  in 
63  da\  s  with  an  average  dailv  gain  of  1.44  pomids.  while  the  algaroba- 
fed  lot  re(|uired  14S  days,  with  an  average  daily  gain  ol  only  0.59 
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pound.  For  the  former  lot  4.99  pounds  of  the  concentrate  ration 
were  consumed  per  pound  of  gain;  for  the  experimental  lot,  11.58 
pounds  were  required.  From  the  standpoint  of  efficiency  of  gains 
and  time  required  to  reach  market  weight,  also  an  economic  factor 
in  swine  production,  chopped  sun-dried  algaroba  beans  did  not  ap- 
pear to  be  a  desirable  feed  for  swine  when  completely  replacing 
barley  in  the  ration.    (Work,  Henke) 

Hawaiian  Fruits  in  Swine  Rations 

Further  experimental  work  was  conducted  to  determine  the 
value  of  avocados  and  of  papayas  in  fattening  swine.  In  each  case, 
1  pound  of  the  fruit  was  fed  with  2  pounds  of  the  standard  ration. 
When  avocados  were  fed,  a  total  of  7.51  pounds  of  concentrates  were 
consumed  per  pound  of  gain,  as  compared  with  5.74  pounds  of  the 
standard  ration.  Concentrates  consumed  when  papayas  constituted 
one-third  of  the  ration  were  at  the  rate  of  6.38  pounds  per  pound  of 
gain,  with  the  check  lot  requiring  4.76  pounds. 

The  tests  indicate  that  these  Hawaiian  fruits  may  have  some 
value  for  fattening  swine,  but  further  work  will  be  necessary  to 
determine  to  what  degree  they  may  be  most  advantageously  incor- 
porated in  the  rations.    (Work,  Henke) 

Pineapple  Bran,  a  Byproduct  of  Hawaiian  Industry 

A  further  trial  was  conducted,  with  72-pound  pigs,  in  which  a 
part  of  the  barley  in  the  fattening  ration  was  replaced  with  the  local 
byproduct,  pineapple  bran.  In  this  experiment,  27  pounds  of  pine- 
apple bran  plus  3  pounds  of  extra  protein  supplement  were  sub- 
stituted for  30  of  the  64  pounds  of  barley  in  the  standard  ration.  The 
average  daily  gain  was  only  1.28  pounds  on  pineapple  bran,  as 
against  1.44  pounds  for  the  check  lot.  However,  the  feed  per  pound 
of  gain  was  4.76  pounds  for  the  check  lot  and  4.92  pounds  for  the 
pineapple  bran  lot.  At  prevailing  prices  the  feed  cost  per  pound  of 
gain  was  thus  reduced  from  7.09  cents  to  6.79  cents,  which  might 
compensate  for  the  additional  time  required  for  the  pigs  to  reach 
market  weight.    (Work,  Henke) 

Nonprotein-Nitrogen  Studies 

Cattle 

During  the  year  five  Holstein  heifers,  sired  by  the  same  bull, 
were  used  in  a  test  of  the  value  of  urea  as  a  supplement  to  a  low- 
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protrin  ration,  as  compared  with  standard  protein  sn])plenients.  One 
heifer,  used  as  a  check,  was  fed  a  ration  containing,  on  a  moisture- 
free  basis,  S.4  percent  protein;  two  heifers  were  fed  a  standard  ra- 
tion containing  20.6  |)ercent  protein;  and  two  received  a  urea  ra- 
tion, the  protein  ecjuivalent  of  which  was  calculated  to  be  20.7  per- 
cent (protein  =  nitrogen  X  6.25).  The  daily  gain  in  weight  by  the 
heifer  on  the  low-i)rotein  ration  was  1.01  pounds;  the  average  daily 
gains  on  the  standard-protein  ration  and  the  urea  ration,  respective- 
ly, were  1.42  and  1.14  pounds. 

When  the  check  ration  was  su])plemented  with  urea  the  non- 
jirotein  nitrogen  ])ro(luced  appro.ximately  one-third  of  the  extra 
gains  made  b\-  heifers  receiving  standard  protein  su])plements.  (W  ork, 
Henke ) 

Swine 

It  is  commonly  acce])te(l  that  bacterial  synthesis  in  the  rumen  is 
necessary  for  nonprotein  nitrogen  to  replace  ordinary  ])roteins  in 
rations  fed  to  animals.  However,  a  i^ilot  test  with  two  pigs  was  in- 
stituted to  determine  whether  urea  could  be  utilized  I)y  nonruminants 
as  a  supplement  to  barley.  ( )ne  animal  made  a  reasonable  gain, 
although  not  equivalent  to  the  gains  of  pigs  on  a  standard  fattening 
ration,  and  one  was  definitely  inferior. 

In  a  second  test,  lasting  63  days,  dried  ])ineai)ple  pulp  was  sub- 
stituted for  one-half  the  barley.  This  I'ation  was  .so  deficient  in 
growth-promoting  properties  that  the  pigs  were  losing  weight  dur- 
ing the  last  12  days  of  the  period.  Rejilacing  the  ]Mneapple  pulp  with 
cassava  meal  was  of  no  benefit.  When  lialf  the  urea  was  replaced 
by  tunafish  meal,  the  pigs  im]n"oved. 

P>oth  pigs  were  slaughtered,  and  ])ost  mortem  examination  re- 
vealed kidney  damage  in  one  ])ig.    (Work,  Henke) 


Chemistry  and  Soils 


Effect  of  Fertilizers  on  Yields  of  Coffee 

The  fertilizer  experiments  with  coffee  trees  maintained  at  the 
Fukuda,  Takashiba,  and  Akamatsu  farms  in  the  Kona  District  have 
been  concluded.  Complete  statistical  analyses  of  harvest  data  for  8 
years  at  tb.e  Fukuda  farm  indicated  that,  despite  great  annual  fluc- 
tuations, significantly  higher  yields  may  be  expected  from  trees  ferti- 
lized with  nitrogen  and  ]:)Otassium  than  with  either  element  alone. 
Phosp!:orus  did  not  appear  to  be  a  limiting  factor. 

Harvest  data  from  the  Takashiba  experiment  for  3  years  also 
pointed  to  great  annual  fluctuations  in  yield,  and  to  higher  yields  for 
trees  receiving  nitrogen  in  conjunction  with  potassium.  At  this  loca- 
tion, trees  which  received  annual  dressings  of  80  pounds  of  nitrogen 
in  conjunction  with  potassium  and  phosphorus  yielded  as  well  as 
trees  receiving  160  pounds  of  nitrogen  plus  the  two  other  elements. 
A  summary  of  yields  and  statistical  analyses  of  the  F"ukuda  and  Ta- 
kashiba experiments  has  been  published. 

A  2  X  2  factorial  experiment  was  conducted  at  the  Akamatsu 
farm,  designed  to  determine  the  effect  of  adding  double  dressings  of 
nitrogen  and  phosphorus.  Analysis  of  the  results  of  this  experiment 
indicated  that  a  double  dressing  of  nitrogen  gave  a  significant  in- 
crease in  yield,  but  a  double  dressing  of  potassium  produced  no 
response.  The  interaction  between  nitrogen  and  j^otassium  was 
negative,  although  not  significantly  so. 

Analyses  of  three  independent,  composite  samples  of  the  l)ark  of 
the  trees  indicated  that  the  Akamatsu  trees  were  higher  in  potas- 
sium and  lower  in  nitrates  and  total  nitrogen  than  the  Fukuda  or 
Takashiba  trees,  indicating  the  possible  use  of  tissue  analyses  as 
guides  in  coffee  fertilizer  practices.     (Dean,  Fukunaga) 

Mineralizoble  Nitrogen  in  Soils 

A  study  of  changes  in  nitrate  content  of  soils,  re]wrted  last  year, 
showed  an  initial  jihase  of  rapid  nitrogen  release  lasting"  for  a1)OUt  3 
weeks,  followed  by  a  slow  constant  phase  for  the  diu-ation  of  a  10- 
month  period.    After  continuation  of  this  latter  phase  through  a 
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total  of  ()3  vveck>,  a  means  of  rejuvenating  the  soils  was  souf;"ht,  to 
reproduee  rapid  release.  A  sample  of  each  soil  under  test  was  air- 
dried  for  1  week  and  then  wetted  to  o]itimum  conditions,  with  the 
desired  effect.  The  second  i)hase  of  ra]>id  nitmi^en  release  thus  j^ro- 
duced  was  similar  in  extent  and  duration  to  the  initial  ])hase. 

Further  information  as  to  the  effect  on  niineralizahle  nitrogen  of 
drying  .soils  was  ohtained  hy  following  the  changes  in  three  moist 
field  soils  hrought  into  the  lahoratorv.  Drying  the  soils  caused  mate- 
rial increases  in  the  amounts  of  niineralizahle  nitrogen,  hut  storage 
of  the  soils  at  different  moisture  levels  for  as  long  as  5  weeks  had 
little  or  no  effect. 

.\t  montlix'  intervals  over  a  jjeriod  of  S  months,  soil  samples  have 
heen  taken  from  10  rainfall  stations,  immediately  wetted  to  optimum 
conditions,  and  incuhated  for  3  weeks,  and  the  mineralizable  nitrogen 
has  been  determined.  The  results  of  these  determinations  indicated 
an  inverse  relationship  between  the  rainfall  and  the  nitrogen  contents. 
The  samples  from  stations  where  there  were  no  changes  in  crops 
showed  this  relationshi])  much  more  clearlv  than  wh.ere  crop  changes 
occurred.     ( l-'ukunaga) 

The  Nature  of  Organic  Phosphorus  in  Soils 

Work  by  other  investigators  has  led  to  the  assumption  that  organic 
phosphorus  in  .soils  occurs  chiefly  in  the  nucleic-acid  form.  The 
claims,  however,  are  based  on  the  identification  of  the  hydrolysis 
products  of  impure  preparations  from  soils.  A  study  was  conducted 
to  isolate  definite  organic-pho.sphorus  compounds  from  soils,  prior  to 
interpreting  the  value  of  the  ])hosphorus. 

The  separation  of  an  ash-free,  organic-i)hosphorus-containing 
fraction  has  been  accomplished  by  the  develo])ment  of  new  procedures 
entailing :  (  1  )  Sodium  hydroxide-sodium  carbonate  extraction  ;  (2) 
separation  of  organic  pho.s])horus  by  an  isoelectric  precipitation  ;  and 
(3)  removal  of  ash  by  absorjJtion  of  organic  jjliosphorus  on  charcoal. 
Analyses  .showed  the  fraction  to  contain,  typically,  7.4  percent  phos- 
phorus and  6.9  yK'rcent  nitrogen,  and  to  be  representative  of  over  50 
percent  of  the  total  soil  organic  ])hosphf)rus. 

A  study  of  the  hydrolysis  rate  of  such  compounds  indicated  that 
organic  phos])h()rus  accumulates  in  .soils  in  the  form  of  pyrimidine 
nucleotides  and  not  as  nucleic-acid  molecules.  (Yoshida) 
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Radioactive  Phosphorus  in  Soils 

Two  shipments  of  radioacti\-e  phosphorus  in  the  form  of  sodium 
pliosphate  have  been  received  during  the  past  6  months,  through  the 
courtes}^  of  the  radiation  laboratorv  of  the  Universit}'  of  California, 
for  use  in  a  study  of  the  movement  of  phosphorus  appHed  to  soils  and 
its  uptake  hy  the  plants.  With  a  Lauritsen  quartz-fiber  electroscope, 
accuracy  within  1  percent  was  obtained  when  measuring  the  radio- 
active phosphorus  in  solutions,  and  within  3  percent  for  soils  and 
plant  ashes.  Data  obtained  on  the  rate  of  sorption  by  soils  and  the 
movement  of  phosphorus  through  soils  concurred  with  the  previous 
findings  of  investigators  working  with  nonradioactive  phosphorus. 

Preliminary  pot  experiments  with  tomato  plants  indicated  that  the 
most  rapid  uptake  occurred  when  the  phosphorus  was  placed  approxi- 
mately 1  inch  below  and  l}'2  inches  to  the  side  of  the  crown  of  the 
plant.  When  the  phosphorus  was  dissolved  in  water,  mixed  with  the 
soil,  and  the  soil  leached,  the  rate  of  uptake  was  more  rapid  than  from 
a  surface  application  of  phosphorus.    (Ballard,  Dean) 

Organic  Base  Exchange  Properties  of  Hawaiian  Soils 

In  a  study  of  a  series  of  soils  representing  the  Hilo  and  Hamakua 
coasts,  the  proportion  of  total  base  exchange  resident  in  the  organic 
matter  was  determined  by  calculating  the  difference  between  the  base 
exchange  capacity  of  the  original  soil  and  of  the  soil  after  it  had  been 
ignited  at  275°  C.  for  48  hours.  The  results  indicated  that  from  75 
to  95  percent  of  the  base  exchange  capacity  of  these  soils  is  organic. 
Aj^parently,  the  soils  from  areas  of  high  rainfall  have  the  greatest 
organic  base  exchange  capacities.  (Ayres^) 

Electrometric  Determination  of  Base  Exchange  Capacity 

The  leaching  method  of  determining  the  base  exchange  capacities 
of  soils  has  proved  unsatisfactory  in  Hawaii,  particularly  with  the 
high-organic  soils  common  to  the  Hilo  and  Haiuakua  coasts.  Conse- 
quently, the  method  of  electrometric  titration  was  investigated.  The 
general  procedure,  by  this  metliod,  is  to  add  increasing  amounts  of 
a  standard  calcium-hydroxide  solution  to  fixed  amounts  of  soils 
previously  saturated  with  hydrogen.  When  equilibrium  is  obtained, 
the  pH  of  each  susj^ension  is  determined  and  the  base  exchange 


'  A.  S.  Ayres,  assistant  chemist  of  the  Experiment  Station  of  the  Hawaiian  Sugar 
Planters'  Association,  employed  by  this  station  from  May  1  to  June  30,  1939. 
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ai])acily  calculated  from  tlu-  huffiT  curve.  Tests  showed  that,  with 
the  soils  iu  (jucstion.  a  satisfactory  point  of  ec|uilihriuui  was  difficult 
to  estahlish;  consequently,  an  extensive  study  was  undertaken  of  the 
rates  of  reaction  of  hydroj^en-saturated  soils  and  calcium  hydroxide. 
Reproducihie  reaction  rates  were  oI)tained  with  soils  subjected  to  a 
violent  shaking  with  water,  prior  to  the  addition  of  the  calcium 
hydroxide.  Thereafter  a  gentle  agitation  was  sufficient.  By  plotting 
the  logarithm  {a  —  .r)  against  time,  where  a  is  the  initial  concentration 
and  .r  the  amount  reacting  in  time  /,  it  was  found  that  a  uniform  rate 
of  reaction  took  place  for  the  first  4  hours,  followed  by  a  slower 
rate  traceable  for  as  long  as  2  weeks.  The  base  exchange  capacity 
corresi)onding  to  the  amount  of  calcium  hydroxide  reacting  at  the  end 
of  4  hours  agreed  favorably  with  the  results  obtained  by  leaching 
methods.    ( l^artlett ) 

Routine  Analyses 

During  the  past  vear  307  soil  samples  were  analyzed,  using  the 
Truog-Hellige  soil  tester.  Of  these,  176  were  received  from  farmers 
either  directlv  or  through  the  Agricultural  Extension  Service,  an 
almost  threefold  increase  over  the  number  received  from  farmers  the 
preceding  year.  The  other  131  soil  samples  analyzed  were  received 
from  various  dejmrtments  in  the  experiment  station. 

Miscellaneous  chemical  analyses  made  by  the  (k])artment  num- 
bered 23.  These  consisted  chiefly  of  analyses  of  irrigation  waters 
and  ])oultrv  feeds. 


Entomology 


Ecology  of  the  Tomato  Bug,  Cyrtopeltis  varians 

Studies  on  the  attack  of  Cyrtopeltis  varians  {Engytatus  geiiic- 
■ulatiis)  on  the  tomato  plant  have  been  made  in  the  greenhouse  under 
cage  conditions.  Results  to  date  indicate  that  the  attack  is  mainly  on 
the  stems,  leaf  petioles,  and  veins,  and  that  oviposition  occurs  in 
these  same  plant  parts  but  in  separate  oviposition  punctures.  Feed- 
ing scars  appear  approximately  40  hours  after  beginning  of  attack, 
and  a  marked  increase  in  scar  formatio.i  is  noted  with  the  appearance 
of  the  first  nymphs.  Bug  attack  results  in  the  production  of  a  more 
bushy  plant  with  markedly  swollen  nodes  and  short  internodes.  Plants 
attacked  by  l)Ugs  produce  more  flower  buds  than  do  check  plants,  but 
blossom  production  is  retarded,  the  number  of  blossoms  is  less,  the 
blossoms  are  reduced  in  size,  and  blossom  shedding  is  more  marked. 
The  date  of  first  fruiting  is  later  in  bug-attacked  plants,  and  the  yield 
is  reduced. 

The  tomato  bugs  are  carnivorous  as  well  as  herbivorous,  attacking 
such  insects  as  aphids  and  mealy  bugs  or,  in  the  absence  of  other 
species,  nymphs  of  their  own  species.  The  studies  provide  no 
evidence  that  the  Inigs  transmit  a  virus,  although  the  incidence  of 
virus  disease  is  usually  high  in  regions  in  which  the  bugs  are  abim- 
dant. 

General  observations  in  the  field  suggest  a  relationship  between 
climatic  conditions  and  prevalence  of  the  bug.  Lualualei,  where  the 
bug  is  most  abundant,  is  one  of  the  hottest,  driest  sections  of  Oahu ; 
decrease  in  abundance  appears  to  follow  a  decrease  in  temperature 
and  an  increase  in  moisture. 

Plants  are  apparently  not  attractive  to  bugs  until  a  few  weeks 
after  transplanting  when  they  reach  a  height  of  approximately  6  to  8 
inches  and  the  first  blossom  buds  have  just  appeared  or  are  about 
to  appear.  The  number  of  adult  bugs  and  nymphs  per  plant  increases 
as  the  plants  increase  in  age  until  about  9  to  12  weeks  from  the  date 
of  transplanting ;  thereafter  the  number  decreases.  The  infestation 
of  plants  of  the  same  age  varies  according  to  the  size  of  the  respective 
plants. 
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Follduiii^  is  a  list  of  IidsIs  (in  wliicli  C\rtopcltis  ■j'aiiaiis  has  been 
fonnd  lireedin.!^' :  '{"(iniatn,  tohaeco,  ej^',^])lant,  potato,  sijuash,  orna- 
mental i^eranimn,  and  a  speeies  of  ornamental  ])himl)a,^o.  Tomato  is 
the  only  one  of  these  hosts  on  which  prolific  hreedin^-  and  high 
l)o|)nlations  ha\e  heen  ohserxed.  No  ]n"edators  or  jiarasites  ha\'e  vet 
been  recordi'd  in  Hawaii.     (  Iloldawru',  Look'  ) 

Biological  Control  of  Cabbage  Worm,  Pontia  rapae 

As  the  lirst  phase  ol  a  project  to  incrt'ase  the  hiolooical  control 
of  the  cahhage  worm,  I'oiitia  rapac,  in  the  I  erritorv.  a  stnd\-  has 
heen  made  of  parrisites  alread\-  present,  their  distrihntion,  and  the 
degree  of  ])arasitism  h}'  each.  1,33''  indixiduals  (  1,31()  lar\'ae  and 
223  ])ui)ae)  were  examined  from  17  C(»llections  made  on  5  islands. 
Fi\'e  species  of  ])arasites  were  obtained:  .{panicles  f/loiiicrdt us, 
Proiit'uia  archippivora.  Brarliyiiicria  ohscurafa,  PI yposotcr  exiyuc, 
and  Ptcroniahis  piipaniiii.  Xone  of  the  three  last  mentioned  is  of 
imj lortanci.'  in  reducing  abnndance  of  the  cabbage  worm,  />.  ohsriD'ata 
having  been  fonnd  on  only  five  individuals  from  two  Incalities,  P. 
piipaniiii  on  two  individuals  from  two  localities,  and  //.  c.vigitc  on 
one  indixidual.  Proiitina  arcliippivora  was  recorded  from  all  except 
one  collection ;  parasitism  by  this  insect  ranged  from  1  to  22  per- 
cent, averaging  8  percent.  It  is  primarily  a  parasite  of  the  army 
worms,  rather  than  the  cabbage  worm. 

Apantrlcs  ijloiucralus  is  the  most  im])ortant  jiarasite  collected. 
As  far  as  is  known,  it  is  specific  t;)  members  of  the  genus  Pontia. 
It  is  present  on  all  islands  and  occiu's  from  sea  level  to  elevations  of 
4.000  feet.  The  i^ercentage  of  parasitism  ranged  u])  to  74.  but  was 
lowest  on  the  farms  where  insecticides  were  used.  Parasitism  by 
Proiifiiia  arcJiipph'ora  is  not  so  adversely  affected,  if  at  all,  by 
insecticides.     (Iloldaway.  Suehiro ) 

Possible  Vectors  of  a  Virus  Disease  of  Papaya 

In  \iew  of  the  increasing  imjiortance  of  ])apaya  fruit  for  local 
consum|)tion  and  for  exjiort.  and  the  recent  a]3pearance  of  a  disease 
found  to  be-  due  to  a  virus,  a  study  has  been  made  of  insects  occur- 
ring on  jiajiaxa.  To  date  4'^  species  from  2S  families  have  been 
recorded,  but  few  of  the^e  can  be  considered  major  ])apa\a  insects. 


'  Temporaiy  employee  from  November  1938  througti  June  1939 
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However,  the  patchy  occurrence  of  the  disease  in  time  and  place 
suggests  that  the  vector  may  Ije  a  casual  or  incidental  visitor  to  the 
papaya. 

Transmission  experiments  from  diseased  to  lieilthy  jjapaya  have 
been  conducted  with  most  of  the  recorded  species  considered  likely 
to  be  virus  vectors,  as  well  as  with  some  other  species  known  to  be 
virus  vectors  in  Hawaii  although  not  yet  recorded  on  papaya,  with 
negative  results : 

Nysius  cocnusulus.  which  normally  feeds  on  portulacas  and 
amaranths  but  which  has  been  found  feeding  on  young  papaya  trees ; 

Thrips  fabaci.  which  is  the  vector  of  "yellow  spot"  of  pineapples 
and  "spotted  wilt"  of  tomatoes,  and  has  been  olitained  on  papaya ; 

Aphis  gossvpii.  Macrosiphum  gci.  My::us  pcrsicac.  and  Aphis 
nieclicagini's.  each  a  vector  of  several  virus  diseases  and  each  found  on 
papaya ; 

Aphis  maidis.  the  vector  of  sugarcane  mosaic,  some  of  the  symp- 
toms of  which  resemble  those  of  the  papaya  disease :  and 

Empoasca  solana,  a  species  found  on  papaya  and  Ijelonging  to  the 
family  Jassidae,  in  which  are  found  several  virus  vectors. 

Heavy  infestations  of  Myzus  pcrsicac  produced  symptoms  similar 
to  those  characteristic  of  the  disease.    (Holdaway,  Look) 

Miscellaneous  Entomological  Problems 

Insects  which  have  recently  come  into  prominence  through  damage 
to  crops  are  discussed  briefly  below  : 

Lcnia  nigrovittata  (striped  Datura  beetle).  This  Chrysomelid 
beetle  feeds  commonly,  in  both  larval  and  adult  stages,  on  the  foliage 
of  Datura.  During  the  past  year  it  was  recorded  attacking  the 
foliage  of  eggplant  at  Koko  Head  and  Lualualei  on  the  island  of 
Oahu.  and  at  Honaunau  on  Hawaii. 

Listrodercs  obliquus  {vcqctable  zveevil).  This  serious  vegetable 
insect  was  first  recorded  in  Hawaii  in  1926.  In  1929  it  attacked 
lettuce  at  Hilo.  Hawaii.  In  1934  it  was  recorded  from  the  island  of 
Maui.  During  the  past  year  it  was  damaging  the  foliage  of  potatoes 
on  Maui  and,  on  the  island  of  Hawaii,  did  serious  damage  to  Chmese 
cabbage  and  carrots  and  also  attacked  turnips,  daikon.  and  gobo. 
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This  is  the  first  occasion  on  whicli  it  has  hecii  ohserved  in  nunihcrs 
sufficiently  Iii<(h  to  do  serious  damage.  The  regions  where  the 
insect  has  caused  most  serious  losses  have  a  cool,  moist  climate  and 
an  elevation  of  aii])roximately  2,700  feet. 

Manica  tcstiilalis  ihraii  pod-borer).  This  insect  has  caused 
serious  damage  to  hoth  lima  beans  and  climlMng  green  snap  beans  at 
Mokaj)!!.  W'aialua,  and  Waijjahu.  Oahu,  all  of  wliicli  locations  have 
dr\-,  hot  climates.  Observations  suggest  that  much  of  the  damage 
attributed  to  the  I)can  butterfly  (  Lycuciia  boctica)  is  due  to  Mariica 
testnlalis. 

M iiri/aii/iii  liistrioiiiai  {  I i arlciju'ni  cabbatjc  bittj).  This  important 
insect  of  mainland  I'nited  States  was  first  recorded  in  Hawaii  from 
the  Honolulu  wharves  in  1''17.  In  1923  it  was  found  breeding  on  a 
wild  native  ])lant  Capparis  saiid'n'ic/iiaiia  on  Ewa  coral  jjlains.  louring 
the  past  year  it  was  obtained  in  numbers  on  cabbage,  kale,  broccoli, 
and  Chinese  cabbage  at  Waianae  and  Lualualei,  Oahu.  These  are 
the  first  records  of  this  insect  on  economic  ])lants  in  Hawaii.  They 
indicate  that  the  insect  has  extended  its  range  on  the  island  of  (  )aiui 
but  is  still  restricted  to  the  hot,  dry  sections  between  Rwa  and 
Waianae.  The  distribution  of  this  insect  in  temperate  regions  of 
mainland  L'nited  States  suggests  that,  if  it  is  permitted  to  extend 
beyond  the  barriers  of  the  ecological  island  to  which  it  is  at  jiresent 
api)arentl\-  restricted,  it  will  s]:)read  to  the  more  important  cabbage 
areas  of  the  Territory  and  become  a  serious  cal)bage  pest  in  Hawaii. 

Sob'iiopsis  (/ciiiiihitii  {fire  aiit).  Damage  has  been  caused  by 
this  ant  to  the  stems,  at  ground  level,  of  recently  trans])lanted  tomato 
plants  at  I.ualualei,  to  young  eggplants  at  Koko  Head,  and  to  the 
underground  stems  and  roots  of  cucumber  seedlings  at  Waipahu. 
The  replanting  of  cucumbers  necessitated  by  attack  of  Solciiopsis  has 
ham])ered  experimental  work  on  melonfly  being  conducted  by  the 
Hureau  of  Entomology.  The  three  regions  where  <lamage  trom 
Solciiopsis  has  been  observed  are  dry  and  hot. 

Ob.servations  of  significance  in  connection  with  certain  other 
in.sect  pests  are  summarized  iti  table  6.    (Holdaway,  Suchiro,  Look) 
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Horticulture 

Truck  Crops 

Snap  Beans 

Since  the  widesijread  ap])earance  of  the  bean  rust  funt;u.s  (Uro- 
inwcs  phciscoli  t\pica)  in  the  Territory,  the  locally  jjopular  pole 
screen-] )ocl(l'jc]  varit-tv  l.ualualei  cannot  I)e  grown  in  many  areas. 
Investigations  are  being  carried  on  to  iscjlate  nist-resistant  varieties 
which  are  commerciallv  available  and.  from  among  the  unnamed 
introductions,  those  with  jxid  ty])es  a])])roaching  the  variety  Lualualei ; 
and  to  develop  rust-resistant  strains  of  Lualualei. 

.\s  reported  last  year,  four  commercial  rust-resistant  varieties 
have  been  introduced.  Figure  S  shows  the  pod  ty])es  of  these  four 
\"arieties,  as  com])ared  with  tliat  of  Lualualei.    bield  tests  during  the 

^ » 4  )» a  I  «  3 !»  « ;{ 3  c. :}  o 


I-'ic.fRE  8. — The  local  pole  green-podded  snap  bean,  variety  Lualualei,  and  four 
commercial  rust-resistant  varieties:  704,  Lualualei:  631,  Lazy  Wife; 
629,  Rust  Resistant  Morse's  191  :  632,  Kentucky  Wonder  Brown  Seeded 
Rust  Resistant ;  and  630,  Kentucky  Wonder  Rust  Resistant  Brown  Seeded. 
(631  and  632  from  Associated  Seed  Growers;  629  and  630  from  Ferry 
Morse  .Seed  Co.) 
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year  indicated  that,  under  disease  conditions,  the  two  Kentucky 
Wonder  strains  and  Rust  Resistant  Morse's  191  produce  higher 
yields  than  Lazy  Wife  or  Lualualei.  Even  under  conditions  of  mild 
infection  the  tliree  varieties  yield  as  well  or  better  than  Lualualei. 
Rust  Resistant  Morse's  191  appears  to  be  the  least  resistant  of  these 
introductions.  Lualualei  continues  to  demand  the  highest  prices  in 
the  market,  but  the  differential  is  small  and  the  grower  is  much  less 
sure  of  his  crop.  In  addition  to  the  four  commercial  introductions, 
Kabuto,  a  curved,  Ijroad,  flat-podded  variety  grown  on  Maui,  has 
proved  to  be  resistant. 

The  isolation  of  rust-resistant  unnamed  introductions  has  become 
more  difficult  since  accessions  previously  resistant  or  immune  are 
now  more  susceptible  to  the  fungus,  probably  due  to  a  strain  of  the 
organism  not  present  in  previous  studies.  Investigations  will  con- 
tinue, however,  with  the  varieties  possessing  desirable  pod  types  or 
evidencing  particular  vigor  and  producing  high  yields. 

There  still  exists  a  need  for  the  development  of  rust-resistant 
strains  of  Lualualei,  and  a  hybridization  program  is  being  conducted. 
The  sup]:ilementary  lines  of  approach  were  initiated  because  of  the 
time  involved  in  developing  new  strains,  and  in  order  to  determine 
the  qualities  of  parental  material  to  be  used  in  breeding.  (Welch, 
Parris) 

Varietal  Testing 

Experiments  to  determine  commercial  varieties  of  truck  crops 
adapted  to  local  conditions  have  continued.  Tests  conducted  during 
the  year  at  Waipahu  lead  to  the  following  conclusions : 

Cabbage.  Yields  of  desirable  head  sizes  were  in  the  order  of 
Resistant  Detroit,  Golden  Acre,  and  Copenhagen  Market.  The  last- 
mentioned  variety  is  the  standard  in  the  Territory. 

CauHilower.  The  standard  high-elevation  variety.  Snowball,  was 
considerably  surpassed  in  percentage  of  No.  1  heads  and  earliness 
duiing  the  winter  months  by  the  varieties  Early  Patna,  Early  Market, 
and  Early  Benares,  introduced  from  India. 

Celery.  Excellent  yields  of  good  quality  of  the  varieties  Golden 
Detroit,  Florida  Golden,  and  Golden  Pascal  were  obtained  during 
the  cool  season. 

Eggplant.  Of  the  round-fruited  types.  Black  Beauty  appeared  to 
yield  significant!}-  more  No.  1  fruits  and  combined  No.  1  and  No.  2 
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fruits  than  Morida  lli^li  l'U>li  and  nuniericallv  more  than  Xew  \'()rk 
Im])roved  Spineless,  iilack  l-^eautx'  si^nificantK-  outyielded  all  long- 
fruited  types  tested. 

Lettuce.  In  the  cool  season  certain  strains  of  C  oshery  coni])ared 
in  firmness  with  the  Imperial  strains  grown  in  California  and 
produced  twice  as  many  firm  heads  as  Mignonette.  In  the  w'arm 
season,  however,  Mignonette  and  hybrid  selections  of  this  variety 
exceeded  the  Cosberg  strains.  The  jierformance  of  Im])erial  .Vo.  44 
was  superior  at  Waijmhn  to  that  of  the  standard  high-ele\atioH 
variety.  Im])erial  No.  152. 

Peas.  Standard  mainland  varieties  of  garden  peas  are  not 
suited  to  environmental  conditions  at  W'aipahu  and,  in  addition,  are 
seriously  affected  by  root  rot.  Certain  varieties  from  Australia  and 
the  Creole  \arietv  from  Louisiana  showed  resi.stance  to  this  disease. 
(  Welch.  Suniida  ) 

Potatoes 

Breeding  and  Selection 

Plantings  are  being  made  at  Poamoho  farm  in  an  effort  to  select 
])Otato  varieties  which  exhibit  good  {|uality  with  high  yield.  The 
new  Sebago  variety  and  a  number  of  unnamed  introductions  from 
mainland  breeders  offer  promise.  Certain  introductions  appear  to  be 
resistant  to  early  or  alternaria  bbght,  which  is  a  serious  fungus 
disease  at  low  elevations.  The  virus  disea.ses — spindle  tuber,  spotted 
wilt,  and  mo.saic — make  difficult  the  maintenance  of  healthy  seed 
stocks  in  the  Territory.     (  W  elch,  .Sumida  ) 

Cultural  Methods 

Experiments  conducted  at  Poamoho  Farm  to  determine  desirable 
cultural  practices  included  planting  in  twin,  single,  and  twin-and- 
single-alternating  rows,  spacing  of  the  ])Iants  at  various  intervals, 
and  fertilization  with  organic  and  inorganic  nitrogen.  The  variety 
under  test  was  Bliss  Trium])h. 

When  potatoes  were  planted  in  twin,  single,  and  twin-and-single- 
alternating  rows,  no  significant  differences  occurred  in  yield  ]X'r  acre. 
Thus  single-row  planting  would  ajipear  more  desirable  since  less 
planting  material  and  fertilizers  are  required,  and  because  of  ease 
of  ])lanting  and  cultivation. 
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The  test  of  planting  distances  included  spacing  from  6  up  to  14 
inches  with  increments  of  2  inches,  in  rows  3  feet  apart.  No  signi- 
ficant differences  in  yield  per  acre  occurred  within  the  range  from 
6  to  12  inches,  indicating  that  a  12-inch  planting  distance  within 
the  row  gave  maximum  \'ield  with  a  minimum  of  seed. 

In  a  comparison  of  the  value  of  organic  with  inorganic  nitrogen 
in  the  standard  12-30-6  potato  fertilizer,  neither  treatment  was 
superior  in  yield  of  No.  1,  No.  2,  or  No.  1  plus  No.  2  potatoes.  On 
the  basis  of  No.  1,  No.  2,  and  cull  tubers  combined,  the  inorganic 
outyielded  the  organic  nitrogen  plots.    (Welch,  Sumida) 

Breaking  of  Dormancy 

Treatments  of  seed  potatoes  to  accelerate  germination  included 
dips  of  3  percent  thiourea,  2  percent  sodium  thiocyanate,  6  percent 
ethylene  chlorohydrin,  and  vaporized  ethylene  chlorohydrin  at  1  cc. 
for  each  kilogram  of  potatoes.  To  date  the  most  effective  treatment 
appears  to  be  ethylene  chlorohydrin,  applied  in  either  manner.  Since 
rapid  evaporation  necessitates  that  the  seed  dipped  in  this  solution 
be  sealed  in  air-tight  jars  for  several  day  after  treatment,  vaporization 
is  probably  the  simpler  method.  A  treatment  period  of  2  to  3  days 
seems  most  desirable,  and  the  potatoes  should  be  stored  for  2  weeks 
prior  to  planting.  (MichenerJ 

Papaya 

Sterilization  Treatments 

Quarantine  laws  were  modified,  effective  November  1,  1938.  to 
allow  the  entry  of  Island  fruits  and  vegetables  to  the  mainland,  with 
either  of  two  i)rescribed  treatments :  (  1  )  Cooling  the  fruit  or  vege- 
table until  its  approximate  center  reaches  35°  F.  and  holding  this 
temperature  for  a  period  of  15  days;  or  (2)  heating  the  fruit  or 
vegetable  until  the  approximate  center  reaches  110°  F.  and  holding 
this  temperature  for  a  period  of  8  hours.  Later  a  clause  was  added 
requiring  that  the  relative  humidity  be  maintained  at  100  percent 
during  the  8-hour  period  of  the  heat  treatment.  Major  interest  in 
the  ap])lication  of  sterilization  treatment  has  been  in  connection  with 
the  ])apaya,  but  in  order  to  understand  the  effects  of  the  j^rescribed 
methods  it  was  necessary  to  determine  first  the  normal  ri])ening 
process  of  the  pa])aya.  (Jones) 
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Normal  Ripening  Process 

Frcini  the  time  of  hcj^iniiinj^  of  ripeninj^-  in  the  fruit  until  full 
ripeness  is  attained,  the  ])rocess  is  continuous.  The  first  noticeahle 
change  is  the  (leveloi)ment  of  yellow  color  in  the  funiculus.  The 
color  then  s|)rea(ls  outward,  and  full  rijieness  is  attained  when  the 
outer  surface  is  com])letely  yellow.  .\t  the  same  time  the  physical 
characteristics  of  the  flesh,  from  tou,!.;ii  and  ruhhery.  hecome  very 
soft  and  crushahle.  As.sociated  with  these  develo|'ments  are  changes 
in  the  chemical  com]XJsition  and  respirational  actixitv  of  the  fruit. 

The  outstanding  change  in  chemical  com])()sition  is  in  the  relation- 
shi])  hetween  sucro.se  and  reducing  sugars,  in  the  green  fruit.  42 
percent  of  the  total  sugars  occur  as  sucrose,  while  in  the  ripe  fruit 
only  IS  percent  of  the  total  sugars  occur  as  sucrose.  The  acid- 
Indroly/.ahle  material  drops  from  ])ercent  of  the  total  dr_\-  weight 
in  the  green  fruit  to         jiercent  in  the  r\\K'  fruit.    .\s  no  starch  is 

CO.  per 
ks.  hr. 
(mg.) 
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I'KiCNF.  9. —  Kesi)iratiiiii  di  pajiaya  fruit  fluriiig  ri])ciiiii'-;  at  a])pr(ixiiiiat(.'ly  77° 
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present  in  the  papaya,  this  decrease  represents  a  change  in  cell-wall 
constituents  and  accounts,  at  least  in  part,  for  the  change  in  consis- 
tency of  the  flesh  during  ripening.  There  is  apparently  no  significant 
alteration  in  the  nitrogen  content  during  ripening. 

As  the  color  in  the  fruit  develops,  the  rate  of  respiration,  as 
measured  by  carbon-dioxide  elimination,  rapidly  increases  and  reaches 
a  peak  simultaneously  with  the  full  color  development  (see  fig.  9). 
After  this  peak,  the  rate  of  respiration  falls.  In  some  instances  it 
rises  again,  but  this  can  be  attributed  to  the  growth  of  fungi  on  the 
overripe  fruit  and  to  the  leakage  of  internal  gases  through  the  wounds 
caused  by  the  fungi.    Before  the  development  of  external  color  and 

Percentage 


i 

1 

Jj/^  C'lrho, 
Oxy};c 

-diox 
1 

1 

Critii  .Mature  lirni  l-!i|>c  Ovcr- 

Crecii  Ivipe  Kipc 


Figure  10. — Carbon-dioxide  and  oxygen  contents  of  the  internal  cavitj'  of  the 
papaya  at  progressive  stages  of  maturity 


Aiiiiital  Report  l<->3^^ 


49 


lit'tdre  the  rate  of  external  elimination  of  carljon  dioxide  hei^ins  to 
increase,  the  concentration  of  carhon  chiixide  in  the  internal  atmos- 
phere has  l)egun.  This  increase  in  carhon  dioxide  in  the  internal 
atmosphere  (see  fig.  10)  continues  throughout  the  ri])ening  ])eriod 
and  past  full  ripeness.  Thus,  there  is  no  ])eak  of  internal  carhon- 
dioxide  concentration.  As  the  carhon-dicjxide  content  of  the  inter- 
nal cavitv  increases,  the  oxygen  content  decreases.  (Jones) 

Effects  of  Treatment  at  35°  F. 

After  1.^  days'  storage  at  35°  F.,  the  pajniya.  removed  to  room 
tem])erature,  develops  small  surface  pits  within  1  or  2  days.  These 
pits  serve  as  places  of  entrance  for  fungi ;  within  3  or  4  days  the 
fruit  is  overrun,  with  fungi,  and  hreakdown  proceeds  without 
ripening. 

Cold  storage  prevents  the  hydrolysis  of  sucrose  and  cell-wall 
constituent.^,  slows  the  process  of  respiration,  and  prevents  the 
climacteric  rise  in  respiration.  These  processes  are  not  resumed  on 
reniiA'al  from  cold  storage.  (Jones) 

Effects  of  Treatment  at  110°  F. 

This  treatment  has  proved  more  satisfactory  for  the  elimination 
of  fruitfly.  The  fruit  may  or  may  not  he  injured  hy  the  treatment 
depending  upon  the  treating  medium  and  the  ])hysiological  condition 
of  the  fruit.  L'ninjured  fruits  are  e(|ual  to  or  hetter  than  untreated 
fruit  in  flavor,  aroma,  color,  and  texture.  Injured  fruits  have  an 
un])lea.sant  and  disagreeahle  odor  and  a  cooked  flavor;  the  injured 
portions  of  the  flesh,  usually  the  innermost  tissues,  and  the  funiculi 
change  from  golden  orange  to  hright  lemon  yellow  in  color. 
Several  days  after  treatment,  injury  in  some  cases  is  expressed  as 
a  hlackening  of  the  vascular  hundles.  In  ripe  fruit  the  injured  areas 
hecome  soft  and  translucent;  in  less  ripe  fruit  the  injured  ])orti()n 
of  the  fle.sh  hecomes  a  hard  case  surrounrling  the  seed  cavity  as  the 
uninjured  ])ortions  continue  normal  ripening. 

In  studies  on  the  influence  of  the  treating  medium  on  fruit 
tolerance,  it  was  found  that:  (1)  The  use  of  air  fully  saturated 
w-ith  water  throughout  the  entire  high-tem])erature  treatment  of 
Solo  ])apayas  resulted  in  maxinunn  injury.  (2)  .Minimum  injury 
resulted  from  a  conditioning  period  of  6  hours  with  air  at  100°  F. 
and  60-percent  relative  humidity,  followed  hy  a  ])erio(l  of  a|)])roxi- 
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mately  2^,  hours  with  air  at  60-percent  relative  humidity  and 
110°  F.,  before  the  required  8  hours  with  the  fruit  temperature  at 
110°  F.  and  the  air  at  100-percent  relative  humidity.  (3)  In  general, 
ripe  fruits  were  less  resistant  to  injury  than  firm-ripe  or  mature- 
green  fruits  during  the  high-temperature  treatment. 

In  addition  to  papayas,  several  island-grown  vegetables  have 
been  given  the  vapor-heat  treatment.  These  are :  Chinese  peas, 
Lualualei  green  beans,  yellow  wax  beans,  cucumbers,  lima  beans, 
tomatoes,  bell  peppers,  eggplants,  and  avocados.  (Jones) 

Ethylene  from  Papayas 

An  inspection  of  figure  9  shows  that,  from  the  beginning  of 
coloration  of  the  fruit,  there  is  a  marked  and  rapid  increase  in  the 
production  of  carbon  dioxide.  Apparently  something  occurs  in  the 
physiology  of  the  fruit  to  cause  this  metabolic  activity  and  it  was 
thought  that,  as  in  other  fruit,  ethylene  was  being  produced.  Since 
ethylene  is  known  to  cause  a  green  banana  to  ripen  rapidly,  several 
green  bananas  were  sealed  in  a  jar  (1)  with  a  ripening  papaya, 
(2)  with  a  green  papaya,  and  (3)  alone.  After  a  period  of  48  hours 
the  following  results  were  obtained : 

1.  Papaya  ripe — bananas  yellow  and  fully  ripe. 

2.  Papaya  green — bananas  green ;  no  ripening. 

3.  Bananas  alone — bananas  green;  no  ripening. 

These  results  indicate  that  during  ripening  the  papaya  fruit 
produces  some  gas  that  brings  about  a  rapid  ripening  of  bananas. 
Other  work  is  planned  on  this  problem.  (Jones) 

Genetics 

A  series  of  crosses  has  been  made,  to  determine  occurrence  of 
pistilloidy  in  hermaphrodite  fruits  of  the  papaya.  Three  types  of 
hermaphrodites  have  been  recognized  and  designated  as  Types  H, 
III,  and  IV.  Type  IV  is  commercially  desirable ;  Type  III,  which 
is  irregular  in  shape,  appears  when  .some  of  the  inner  whorl  of  five 
stamens  become  carpels  and  unite,  often  imperfectly,  with  the  pistil ; 
and  Type  II  is  often  more  regular  in  shape  but  is  apparently  a  more 
complete  case  of  pistilloidy  in  which  all  of  the  inner  whorl  of  stamens 
and  some  of  the  outer  have  become  pistilloid.  Although  one  or 
another  of  these  types  often  predominates,  the  total  proportion  of 
pistilloid  fruits  may  fall  anywhere  between  0  and  100  percent. 
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Figure  11. — T\pes  of  liermaphrodite  fruit:    The  lower  left-hand  fruit  is  Ty])e 
IV;  the  two  fruits  above  it  are  Tj  pe  III ;  and  ail  the  others  are  Type  II 
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A  number  of  progenies  from  controlled  pollinations  were  ex- 
amined, and  estimates  were  made  of  the  proportion  of  pistilloid 
fruits  on  eacli  tree.  Data  on  a  number  of  these  trees  are  presented 
in  table  7. 


Table  7. — Frequency  of  pistilloid  fruits  in  progenies  of  controlled  papaya 

pollinations 


Parents 

Number 
of  trees 
exam- 
ined 

Hermaphrodite  trees  having  pistilloid 
in  the  proportion  of — 

fruits 

No  pis- 
tilloid 
fruits 

0  to  10 
percent 

10  to  25 
percent 

25  to  50 
percent 

50  to  90 
percent 

90  to  100 
percent 

Hermaphrodite 
(type  IV  fruits) 
X  male 

84 

Percent 
65.4 

Percent 
29.8 

Percent 
3.6 

Percent 
1  o 

1.2 

Percent 

Percent 

Hermaphrodite 
(type  IV  fruits) 
selfed 

143 

13.2 

69.3 

14.7 

2.1 

0.7 

Female  X 

hermaphrodite 
(pistilloid  fruits) 

114 

39.5 

24.5 

18.4 

9.7 

7.9 

Hermaphrodite 
(pistilloid  fruits) 
X  hermaphrodite 
( type  I\'  fruits  ) 

148 

17.5 

43.8 

20.5 

13.5 

4.7 

Hermaphrodite 
(pistilloid  fruits) 
X  hermaphrodite 
(type  IV  fruits) 

156 

5.8 

25.0 

27.0 

36.4 

5.8 

The  limits  of  the  classes  used  in  segregating  these  trees  are,  of 
course,  purely  arbitrary;  hut  when  intervals  of  3  and  10  percent 
pistilloidy  were  used,  it  was  still  impossible  to  detect  any  simple 
Mendelian  segregation.  Pistilloidy  appears  to  be  determined  by  a 
series  of  multiple  factors,  and  it  follows  that  selection  of  trees  which 
produce  few  or  no  pistilloid  fruits  should  eliminate  or  minimize  the 
occurrence  of  undesirable  types.  Unfortunately,  hermaphrodite  trees, 
and  especially  those  trees  having  no  pistilloid  fruits,  have  the  charac- 
teristic of  forming  sterile  flowers,  with  a  resulting  lack  of  fruit 
production,  during  the  late  summer  and  fall.     It  is  possible  that 
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selectiiin  of  Ijrcediii,^;  trees  with  a  Miiall  ])r()])(irti(m  ni  ])istill()i(l  fruits 
nia\'  increase  production  reducing  the  nuniher  of  trees  tending  to 
l)r(i(hice  sterile  flowers.  (Micliener) 

Colchicine  Experiments 

1  )in'ing  the  past  year  tiie  drug  colchicine  ha.s  heen  enii)lo\ed  in 
connection  with  a  cytological  study  of  chromosome  mor])h<)logy  of 
Carica  papayu.  Several  methods  have  heen  used  in  treating  the 
Solo  variety  and  Accession  Xo.  ,->S2,  of  which  api)lication  of  an 
aqueous  solution  of  the  chemical  to  the  growing  i)oints  of  voung 
seedlings  has  ])een  the  mo.st  effective.  An  0.4-percent  solution 
ajiplied  at  hourly  interxals  for  4.  S,  and  12  hours  ])roduced  charac- 
teristic slowing  of  growth,  twisted,  thickened,  and  misshapen  leaves, 
and  callus  tissue.  Some  plants  were  tetraploid  in  a]:)pearance  fol- 
lowing treatment,  hut  after  heing  planted  in  the  field  they  gradually 
reverted  to  the  normal  di])loid  ty])e.  This  was  especially  true  of 
the  Solo  variety,  which  difl  not  res])ond  to  the  treatment  as  well 
as  did  the  accession.  A  year  after  treatment  some  plants  of  the 
latter  variety  are  only  214  feet  tall  and  just  beginning  to  flower 
whereas  the  controls  and  Solos  are  6  to  9  feet  in  height  and  bearing 
fruits. 

Examination  of  the  pollen  from  treated  plants  failed  to  reveal 
the  presence  of  any  giant-size  grains.  Stomata  size  and  number 
were  determined  by  means  of  collodion  films,  and  only  one  accession 
plant  .showed  differences  from  the  control.  This  is  one  of  the 
dwarfed  plants  only  now  beginning  to  flower  (see  fig  12). 

Although  the  results  to  date  have  not  heen  striking,  they  are 
encouraging,  and  the  project  is  being  continued  and  broadened  to 
include  other  trojiical  ])lants.  (Hartung) 

Breeding  and  Selection 

The  Solo,  in  spite  of  its  variability,  is  by  far  the  best  variety  of 
l)ai)ava  now  grown  in  the  islands;  consequently  a  numl)er  of  selections 
are  being  made  on  the  bases  of  abundance  of  fruit,  desirable  size  and 
sha])e,  and  uniform  thickness  of  flesh.  The  selected  trees  have  been 
self-]X)llinated.  and  the  seeds  are  now  being  harvested  and  i)lantcd. 

With  regard  to  fruit  size,  it  is  dcsiral)le  to  establish  lines  having 
small  fruits  and  others  having  larger  fruits,  as  small  fruits  are 
preferred  for  shipment  to  the  m.'iinland  and  large  for  the  local  market. 
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FiGLRE  12. — Effects  of  colchicine  treatments  on  papaya  seedlings:  The  stunted 
tree  in  the  right  foreground  was  planted  at  the  same  time  as  the  other 
trees  in  the  picture :  temporary  effects  of  colchicine  on  all  the  trees  is 
evidenced  by  callus  tissue  at  the  bases 
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Other  work  indicates  that  the  tendency  of  trees  to  ])roduce  unmarket- 
able fruit  of  irregular  shape  can  be  largely  eliminated  by  selection. 
Most  desirable  is  the  pear  shape  of  the  elongate  Solo  pai)aya,  witli 
smooth  skin  and  without  deep  longitudinal  furrows.  It  is  also  de- 
sirable to  avoid  fruits  with  irregularities  on  the  inside  surface  of  the 
flesh  for  this  characteristic  makes  removal  of  the  seeds  difficult. 

It  is  probable  that  selection  of  the  better  types  of  Solo  will 
lead  to  further  improvement.  However,  the  possibility  remains 
of  finding  other  superior  varieties,  and  nianv  accessions  Iiave  been 
intniduced  frdin  nthcr  parts  of  the  world,  with  the  hn])e  that  they 
may  either  be  of  good  (|uality  for  growing  liere  or  that  thev  will  have 
certain  desirable  characteristics  which  will  make  them  useful  as 
breeding  material. 

A  large  number  of  papaya  varieties  have  been  grown,  and  so  far 
none  has  been  as  good  as  the  Solo.  An  introduction  from  Haiti  has 
two  desirable  characteristics:  greater  resistance  to  mildew  and  other 
leaf  diseases,  and  earlier  fruiting  than  Solo.  Unfortunately  the  fruit 
is  not  good,  l)ut  by  crossing  with  Solo  it  may  be  possible  to  combine 
the  desirable  qualities  of  both  varieties.  Such  a  cross  has  been  made 
but  it  will  be  necessary  to  wait  for  the  growth  of  the  F,  generation 
and  ])ackcross.  (Alichener) 

Small  Fruits 

Berry  Culture 

Fifty  plants  each  of  the  boysenberry  and  youngberry  were  set 
out  at  the  Haieakala  liranch  Station  for  observation  and  preliminary 
pruning  and  training  treatments.  The  plants  have  made  fair  growth 
but  will  not  fruit  until  1940.  Eighteen  varieties  of  the  newest  types 
of  everbearing  and  June-bearing  strawberries  developed  in  recent 
years  for  southern  conditions  on  the  mainland  were  set  out  at 
Haieakala  and  at  the  Kona  station.  There  is  a  i)<)ssil)ility  that  one  or 
more  of  the.se  varieties  ma)'  be  adai)ted  to  Hawaiian  conditions, 
particularly  at  relatively  higii  elevations.  .Several  years  will  be 
required  to  conqilcte  the  test.  (Beaumont) 

Asexual  Propagation  of  the  Litchi 

To  induce  rooting  of  litchi  cuttings,  a  numl)er  of  substances  known 
to  favor  root  formation  have  been  applied.    Indole  acetic  acid  has 
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produced  the  most  favorable  results,  but  in  order  to  achieve  a  maxi- 
mum percentage  of  rooting,  it  is  desiraljle  to  plant  the  cuttings  in  a 
propagating  bed  with  the  rooting  medium  held  at  a  temperature  of 
from  86°  to  90°  F.  This  combination  of  treatments  has  induced 
rooting  in  as  many  as  70  percent  of  the  cuttings.  Vitamin  Bi  is 
apparently  not  required  by  the  cuttings  for  root  growth,  as  plants 
which  were  treated  with  a  preparation  of  the  vitamin  in  addition  to 
the  auxin  were  not  superior  in  root  formation  to  plants  treated  with 
indole  acetic  acid  alone. 

Although  the  cuttings  form  roots,  it  is  still  necessary  to  determine 
a  satisfactory  means  of  growing  the  young  cuttings  until  they  are 
established  as  young  trees.  The  cuttings  form  long,  extremely  brittle 
roots  and  are  therefore  difficult  to  transplant.  This  problem  is  now 
receiving  attention. 

Indole  acetic  acid,  applied  in  a  lanolin  paste  at  the  rate  of  2 
percent,  was  effective  in  accelerating  root  formation  in  air  layering 
of  the  litchi.  The  paste  was  smeared  on  the  branch  at  the  point 
where  the  air  layer  was  to  be  made,  and  the  branch  girdled  immedi- 
ately l^elow  this  point.    (Michener,  Minn) 

Macadamia 

Oil  Storage 

In  a  study  of  the  macadamia  embryo  during  development,  an 
almost  straight-line  increase  in  the  actual  amount  of  oil  per  embryo 
was  noted  from  90  days,  when  formation  of  oil  begins,  until  the  fruit 
is  mature.  The  insoluble  nitrogen  increases  as  the  amount  of  oil 
increases.  This  is  contrary  to  statements  in  the  literature  to  the 
effect  that  in  oil-bearing  seed  the  oil  content  and  insoluble-nitrogen 
content  are  inversely  related. 

A  full  account  of  this  work  has  l>een  prepared  and  will  appear  as 
a  journal  article.    (Jones,  Cooil) 

Variety  Tests 

Three  additional  tests  involving  a  total  of  52  numbered  varieties 
of  macadamia  were  set  out  during  the  year.  The  tests,  located  at 
Makawao,  Maui ;  Aiea  and  Waipahu,  Oahu ;  and  Wailua,  Kauai,  are 
comparable  to  those  set  out  in  1937-38,  the  same  three  check  varieties 
being  used. 
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Fi f t_\-ninc'  selected  \'anelies  now  ;ij)])ear  in  tests  on  the  x'arious 
islands.  Twenty  of  these  occur  in  re])hcated  tests  on  Hawaii.  Maui, 
Oahu,  and  Kauai,  so  that  it  will  he  jjossihle  to  study  growth  variations 
due  to  ])lace  effects.  Ten  additional  varieties  have  heen  projmgated 
and  will  he  set  out  durint^"  l'',i''-40. 

During  the  past  three  seasons,  2-pound  samples  of  nuts  from 
46  selected  trees  have  heen  weighed  and  measured  to  determine 
whetlier  seasonal  and  other  growing  conditions  affect  the  charac- 
teristics of  the  nuts  produced,  'i'hree  locations  are  represented.  The 
average  weight  of  the  dried  nut  was  slightly  though  significantly 
greater  for  the  1937  sam])les  than  the  1936  or  1938  sam]:)les  from 
the  same  trees  at  Hoaeae  and  Nutridge  hut  not  at  Keauhou.  The 
average  weight  of  dried  kernels  was  remarkahly  constant  in  all  3 
years  at  the  three  locations.  The  greatest  difference  hetween  any  2 
years  occurred  at  Nutridge.  where  the  kernels  were  0.34  gram  heavier 
in  1938  than  in  the  preceding  years.  N^o  important  differences  in 
thickness  of  shell  at  the  side  and  hase  were  ohserved.  These  results 
indicate  that  the  varietal  characteristics  of  the  nut  and  jmrticularly 
the  weight  of  the  kernel  are  nuite  constant  from  season  to  season. 
(Beaumont ) 

Cultural  Investigations 

h'xperiments  designed  to  C(ini])are  the  rootstock  (|ualilv  of  Maca- 
damia  tcniifolia  with  that  of  .1/.  tcniifolia  var.  iiifci/rifolia  were  set 
out  at  W'aipahu  and  Aiea,  Oahu.  Three  replications  each  of  eighteen 
selected  .smooth-shell  varieties,  grafted  on  hoth  rough-shell  and 
smooth-shell  rootstocks  are  included  in  tie  two  trials.  In  the 
Waipahu  planting,  the  varieties  are  systematically  gr()U])ed  in  such 
a  manner  that  alternate  rows  of  rough-shell  and  smooth-shell  root- 
stocks  occur.  (Beaumont) 

Chlorosis 

The  results  of  a  foliar  diagnosis  of  chlorolic  and  nonchlorotic 
trees  may  he  summarized  as  follows: 

1.  (ireen  leaves  contain  from  2  to  13  times  more  niangane.se, 
calculated  as  ])ercentage  of  total  fresh  weight,  than  chlorotic  leaves 
hut  only  slightly  more  iron  and  calcium.  Chlorotic  leaves,  on  the 
other  hand,  contain  more  ])otassium,  magnesium,  and  i)hos])horus. 
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2.  Green  leaves  contain  slightly  more  insoluble  and  soluble  solids, 
reducing  sugars,  and  acid-hydrolyzable  materials,  and  from  3  to  14 
times  more  nonreducing  sugar  than  chlorotic  leaves,  calculated  as 
percentage  of  total  fresh  weight.  However,  chlorotic  leaves  contain 
somewhat  more  insoluble  and  soluble  nitrogen  and  from  two  to  three 
times  more  ammonia  and  amino  nitrogen. 

Seventy-two  soil  samples  from  five  areas  were  analyzed,  but  no 
consistent  correlation  was  found  between  the  pH,  phosphorus,  potas- 
sium, calcium,  or  magnesium  of  the  soils  and  the  occurrence  of 
chlorosis.  It  is  planned  to  obtain  additional  samples  for  more 
complete  analyses  during  1939-40. 

Seeds  from  32  selected  trees  were  planted  in  a  chlorotic  area 
during  1937-38  to  determine  whether  the  progeny  from  individual 
trees  exhibit  differential  susceptibility  to  chlorosis.  The  results  of 
this  test  show  that  significant  differences  do  occur.  The  experiment 
is  being  repeated  with  seeds  from  the  same  32  and  from  17  additional 
trees. 

Seeds  from  chlorotic  trees  and  from  green  trees  were  planted 
separately  in  coral  sand  and  were  allowed  to  grow  without  the  addition 
of  any  nutrient.  The  former  produce  significantly  more  chlorotic 
seedlings  than  the  latter.  This  test  will  also  be  repeated,  using  larger 
numbers  of  seeds  from  more  trees.  (Guest) 

Coffee 

An  analysis  of  growth  relationships  and  yield  of  coffee  trees  in 
the  Fukuda  fertilizer  experiment  was  reported  last  year.  The  partial 
regression  coefficients,  together  with  their  sampling  errors,  showed 
that,  when  other  independent  variates  were  held  at  their  means,  (1)' 
the  1937  yield  was  not  significantly  affected  by  the  1936  yield;  (2) 
there  was  a  highly  significant  and  negative  relationship  between  1937 
yield  and  the  terminal  and  lateral  growths,  respectively,  made  in  the 
same  year  ;  and  (3)  size  of  tree,  as  indicated  by  circumference  squared, 
was  related  to  yield.  Lateral  growth  measurements  for  2  successive 
years  were  not  available  at  the  time,  and  because  this  measurement 
bore  such  a  strong  negative  relationship  to  yield  in  the  same  year, 
additional  records  were  secured  to  determine  the  relationship  of  this 
growth  to  the  yield  in  the  following  year. 
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Partial  regression  coefficients  were  calculated  according  to  tlic 
equation 

(V  -  V)  =  ?'v,  CVi  hi  (I  -T)  +  bl^  (I,  ~h) 

where  v  =  193S  individual-tree  yield  of  cherry  coffee  in  ixiunds,  Vi  = 
1937  individual-tree  yield  of  cherry  coffee  in  ])ounds,  /  =  1937  aver- 
age lateral  growth  ]ier  tree  in  centinieters,  and  /j  =  1938  average 
lateral  growth  ])er  tree  in  centinieters. 

The  coefficients  with  their  sanii)hng  errors  and  "/"  values  are  as 
follows : 

t    =  _  0.196  ±  0.070:  /  =  2.794 
1 

I,;  =  -\-  1.003  ±  0.218;  f  =  4.618 
b,    =  ~  0.28S  ±  0.189;  /  =  1.530 

The  ])artial  regression  of  1938  yield  on  1937  yield  was  highly 
significant,  confirming  the  relationship  found  and  reported  for  the 
yields  in  1936  and  1937.  The  regression  of  1938  yield  on  lateral 
growth  of  the  previous  (1937)  season  was  positive  and  highly  signifi- 
cant in  relation  to  the  sampling  error,  showing  that  the  yield  ])er 
tree  is  clearlv  a  nieasurahle  res])onse  to  the  lateral  growth  made  in  the 
preceding  season  and  confirming  the  h\])othesis  as  stated  ahove.  In 
the  earlier  analysis,  the  yield  l)ore  a  significant  negative  relationship 
to  the  growth  made  in  the  same  year.  The  1938  yield  and  growth 
data  are  not  convincing.  The  1938  yields  were  low  on  the  average 
while  seasonal  and  growth  res|W)nses  were  good,  so  that  yield  appar- 
ently did  not  ])lav  a  dominant  ])art  in  affecting  growth. 

The  lateral  growth  i>  a])parentlv  a  relatively  accurate  means  of 
determining  tree  resi)onse  and  of  predicting  yield  under  normal 
weather  conditions  and  will  1)e  a  useful  tool  in  fertilizer,  pruning,  or 
other  investigations.  It  will,  however,  he  necessary  to  develop  an 
expression  for  volume  of  tree  to  he  used  with  lateral  growth  to  predict 
yield  more  accurately.  (Beaumont) 

Plant  Introductions 

Tahle  8  is  a  list  of  the  seed  and  j)lant  introductions  made  during 
the  vear. 
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Table    8. — Seed    and    plant    introductions    made    during    the    year  ending 

June  30,  1939 


Scientific  name 

No.  of 
varieties 

Source 

Type  of 
material 

Anona  sp. 



Brazil 

Seed 

Acantho.vyris  folcata 

Palmira,  Colombia 

do 

Aristolochia  sp. 

Paraguay  (through 

J.  L.  Collins) 

do 

AUamanda  schotfii 

1 

do 

do 

Boiuarea  sp. 

Palmira,  Colombia 

do 

Carica  papaya 

Kenya, 

Soutii  Africa 

do 

Do 

3 

Coimbatore,  India 

do 

Do 

1 

Honolulu 

do 

Do 

1 

Paraguay  ( through 

Collins 

do 

Do 

11 

South  Africa 

do 

Do 

Dr.  Traub,  Florida 

do 

Do 

Calcutta,  India 

do 

Dniincarpus  lorii/aii 

1 

P.  I.  82409 

Plants 

Fragaria  sp. 

18 

Maryland 

do 

Garcinia  mainjostana 

1 

Canal  Zone 

Seed 

Jacaratia  hasslcriana.  Chodat 

1 

Brazil 

do 

M acadamia  tcntifolia 

Queensland, 

Australia 

do 

Mano'tfcra  indica 

4 

Java,  Dutch  East 

Indies 

Scions 

Passiflora  sp. 

1 

Argentina 

Seed 

Do 

3 

Brazil 

do 

Petunia  violaccac 

Paraguay 

do 

Pcltaplwniiu  didnuin 

do 

do 

Rubiis  biflonis 

Oregon 

do 

Tecoma  ipc.  Aiart. 

Paraguay 

do 

Wild  begonia 

Brazil 

do 

Nutrition 


Chemical  Analyses  of  Hawaiian-grown  Vegetables 

Since  (lata  on  tlic  c()iii])ositi(in  (if  1 1  aw  aiian-^rdwn  \L-<^ctaI)les 
have  been  insufficient  or  lackini^",  common  ve,i;etal)les  used  by  all 
racial  groups  and  certain  ones  characteristic  of  sjiecific  racial  groups 
are  being  analyzed.  During  the  year,  analyses  have  been  made  of  3 
Filipino  vegetables — caniongay  pods,  saluyot.  and  catuday — and  12 
common  vegetables,  as  follows :  3  varieties  of  tomatoes ;  2  varieties 
each  of  lettuce,  potatoes  (cooked  as  well  as  raw),  and  string  beans 
(one  cooked  as  well  as  raw  )  ;  anfl  1  variety  each  of  wax  beans  and 
broccoli  (both  cooked  as  well  as  raw),  sweet  corn,  cucumbers,  sweet- 
potatoes,  pum])kins,  head  cabbage,  and  asparagus.    (Miller.  Louis). 

Vitamin  Determinations  by  the  Biological  Method 

]M()re  than  300  rats  have  been  used  to  establish  curves  of  response 
for  biological  determinations  of  vitamins  .\,  B,,  and  I).  The  data  for 
vitamin  15,  were  analyzed  statistically  and  the  results  published. 
It  was  concluded  that,  for  vitamin  B,  assays,  a  3-week  feeding 
period  gives  as  significant  results  as  a  3-week  feeding  period;  that 
a  minimum  of  twelve  rats  is  necessary  for  a  significant  biological 
assay  of  foods  for  their  thiamin  content:  and  that  when  >up])lenients 
providing  (|uantities  of  thiamin  between  1  and  4  micrograms  are 
fed  to  grou])s  of  twelve  rats  six  times  a  week  the  res])onses  should 
be  sufficiently  accurate  to  distinguish  differences  of  1  microgram. 
(Miller.  Takase.  N'ana/asva) 

Values  of  Family  Living 

Further  observations  on  the  dietary  habits  of  independent  farmer- 
families  in  Hawaii  show  an  inadequate  consumption  of  the  protective 
foods  and  a  high  intake  of  cereals  and  meats.  During  the  year.  36 
families  in  3  districts  on  Oahu  kept  records  of  all  foods  consumed 
over  a  2S-day  period — including  the  kind,  source,  quantity,  and  cost 
of  each  food.  These  families  were  distributed  racially  as  follows: 
japanese.  27;  Hawaiian  or  ])art-Hawaiian.  23:  and  Chinese.  4.  The 
data  indicate  the  same  dietary  deficiencies  re])orted  last  year  in  a 
preliminary  survey  of  12  Ja])anese  families;  namely,  very  low  intakes 
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of  calcium  and  vitamin  B]  and  a  slightly  less  serious  deficiency  in 
vitamin  A.  The  56  families  are  also  submitting  information  on  total 
value  of  family  living,  family  income,  and  farm  tenancy  or  ownership. 

Examinations  by  a  pediatrician  and  a  dentist  of  the  224  children 
in  these  families  gave  clinical  ratings  of  nutritional  condition  as 
"good"  in  56  percent  of  the  cases ;  the  remaining  children  showed 
some  evidence  of  inadequate  nutrition.  (Potgieter) 

Anemia  and  Blood  Value  Studies' 

Influence  of  Iron  on  Blood-Forming  Organs  of 
Anemic  Animals 

To  determine  the  effects  of  iron  on  recovery  from  nutritional 
anemia,  20  rats  made  anemic  from  time  of  weaning  by  a  diet  exclu- 
sively of  milk  were  fed  a  supplement  of  0.5  milligram  of  iron  daily 
and  killed  at  intervals  of  from  1  to  35  days  after  therapy  was  begun. 
Blood  studies  indicated  that  none  of  the  animals  recovered  from 
anemia,  although  three  rats  showed  slight  improvement.  (Hamre) 

The  Capillary  Hematocrit  Method  of  Determining 
Blood-Cell  Volume 

In  previous  studies  it  has  been  observed  that  the  red  blood  cells 
of  anemic  rats  were  abnormally  small.  Methods  of  determining  the 
volume  included  the  tedious  ones  by  means  of  microscope  ocular 
micrometers  and  the  Block  refractometer  method,  or  the  common 
method  of  packed  red  blood  cells  which  requires  large  quantities  of 
blood  and  necessitates  venipuncture  or  heart  puncture.  The  use  of 
the  capillary  hematocrit  method  was  therefore  investigated,  and  con- 
ditions under  which  it  could  be  used  with  accuracy  were  ascertained. 
The  results,  which  are  in  press,  may  be  summarized  as  follows: 

Determination  of  cell  volume  of  capillary  blood  drawn  directly 
into  a  pipette  is  satisfactory  if  centrifuging  is  carried  out  immediately. 
Wetting  the  pipette  with  a  one-third-saturated  sodium-citrate  solution 
or  a  1 -percent  heparin  solution  as  an  anticoagulant  and  blowing  out 
the  excess  fluid  prior  to  drawing  the  blood  is  an  aid  in  securing 
consistently  accurate  results. 

Only  heparin,  thoroughly  mixed  with  small,  approximate  quanti- 
ties of  capillary  blood  before  the  pipettes  are  filled,  permits  delayed 


'  The  studies  on  blood  values  by  Dr.  Hamre,  although  not  carried  on  as  a 
project  of  the  nutrition  division,  are  reported  herein  for  their  research  value. 
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centrifuging  of  the  sample.  When  ch-ied  anticoagulants  are  used, 
delayed  centrifuging  involves  too  great  an  error  for  practical  use. 
( Hamre ) 

Hemoglobin  and  Blood-Cell  Levels  of  Preschool  Children 

As  part  of  a  surve\'  of  hlood  values  for  residents  of  the  Hawaiian 
Islands,  179  children  were  examined  (90  boys  and  89  girls),  of 
various  races  and  ranging  in  age  from  3  to  6  years. 

Variations  occurring  among  the  children  as  to  race,  age,  sex, 
weight,  infection  with  ])inworm,  or  social  and  economic  status  of  the 
jjarents  were  not  reflected  in  the  blood  values.  In  addition,  the  mean 
values  for  the  various  hematological  elements  for  this  group  agree 
closely  with  those  given  for  children  of  this  age  in  otiier  geogra])hic 
localities.    (  Hamre  ) 

Survey  of  Blood  Values  of  Young  Men  and  Women 

A  sinn'lar  study  conducted  willi  112  women  and  1,^7  men  between 
the  ages  of  16  and  23  indicated  no  significant  differences  in  blood 
values  within  the  group  for  age  or  race,  but  sex  differences  were 
observed  for  the  following  hematological  elements:  hemoglobin, 
number  of  erythrocytes,  volume  of  packed  erythrocytes,  and  mean 
corpuscular  hemoglobin  concentrations.  In  this  age  group,  too,  the 
mean  values  for  the  various  blood  elements  agreed  closely  with  those 
recorded  for  residents  of  other  parts  of  the  world.  (Hamre) 


Parasitology 


Liver  Fluke  of  Cattle 

Previous  work  has  indicated  the  value  of  kamala  and  of  Distol, 
a  proprietary  drug,  in  the  treatment  of  cattle  for  liver  fluke  (Fasciola 
gigantica) .  Experiments  during  the  past  year  have  been  conducted 
to  obtain  more  specific  information  as  to  size  of  dosage  and  period 
of  administration.  In  addition,  preliminary  studies  have  been  made 
with  hexachloroethane,  but  results  to  date  do  not  justify  the  draw- 
ing of  conclusions  as  to  the  safety  and  efficacy  of  this  drug  in  destruc- 
tion of  the  parasites. 

Treatment  of  Fluky  Cattle  with  Distol 

A  total  of  79  animals  were  treated  with  Distol,  73  of  which  were 
nonlactating  and  6  lactating.  In  the  lactating  cows,  Distol  caused  a 
temporary  drop  in  milk  production,  followed  by  a  gradual  return  to 
normal  within  10  or  15  days.  The  milk  acquired  a  slightly  salty, 
bitter  taste  for  a  few  days  after  treatment. 

Distol  was  administered  in  three  dosages:  1  capsule  (12.6  grams) 
to  70  ])ounds  of  body  weight  in  2  days ;  the  same  rate  in  3  days ;  and 
1  capsule  to  80  pounds  of  body  weight  in  2  days. 

To  test  the  value  of  the  first-mentioned  dosage,  41  animals  rang- 
ing in  weight  from  320  to  980  ])ounds  were  treated.  It  was  found 
that  in  87  percent  of  the  cases  in  which  infection  was  below  50  eggs 
per  gram  of  feces,  this  dosage  completely  eliminated  all  adult  flukes, 
as  indicated  bv  absence  of  fluke  eggs  in  the  feces.  For  more  serious 
infection,  the  cure  was  not  so  consistent,  but  the  number  of  fluke 
eggs  recovered  was  drastically  reduced,  indicating  elimination  of 
many  adult  flukes. 

Seventeen  cows  were  treated  with  Distol  at  the  rate  of  1  capsule 
to  70  pounds  of  body  weight,  administered  in  3  days.  In  16  of  these 
cows,  the  egg  count  was  below  40  per  gram  of  feces  and  the  treat- 
ment was  100  percent  effective.  The  seventeenth  animal,  which  was 
in  extremely  ]ioor  condition,  had  the  egg  count  reduced  from  1,255 
to  10,  and  several  hundred  dead  flukes  were  passed  with  the  feces 
on  the  second  day  of  treatment. 
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Figure  13. — Recovery  from  fascioliasis :  Above  (a),  fluky  cow  at  time  of 
treatment  with  Distol  and  (h),  four  months  later;  below  (a),  fluky  cow, 
(b).  treated  with  kamala.  The  improvement  in  appearance  is  very  notice- 
al)le  with  either  druc;. 


To  determine  whether  a  dosage  of  1  ca])sule  to  80  pounds  of 
body  weight,  a<hninistered  in  2  days,  would  l)e  equally  satisfactory 
for  light  infections,  21  animals  with  egg  counts  ranging  from  1  to 
19  were  treated.  Whereas  onl\-  one  of  a  like  group  was  not  com- 
|)letely  cured  at  the  rate  of  1  to  70  ])ounds,  four  animals  remained 
positive  when  the  rate  was  1  capsule  to  80  ]iounds  of  Ixidy  weight. 
C.Micata ) 

Treatment  of  Fluky  Cattle  with  Kamala 

In  testing  tlie  efficacy  of  kamala  as  an  anthelmintic,  a  total  of  58 
animals  were  treated,  with  dosages  as  folldw:   1  cajisule  (  10  grams) 
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to  60  pounds  of  body  weight,  in  3  days;  1  to  70  pounds,  in  3  days; 
and  1  to  70  pounds,  in  4  days.  At  the  rate  of  1  capsule  to  60  pounds, 
with  30  dairy  cows  ranging  from  690  to  1,240  pounds  in  weight,  1 
animai  in  poor  condition  prior  to  treatment  died,  but  the  flukes  were 
apparently  completely  eliminated  from  the  other  cows.  The  drug 
had  a  toxic  effect  at  tliis  concentration,  as  most  of  the  animals  de- 
veloped exhaustive  diarrhea  and  required  1  to  2  weeks  for  recovery. 
Post  mortem  examination  of  eight  cows  23  days  after  treatment 
showed  absence  of  flukes  from  the  livers  of  7  cows  and  one  live  im- 
mature fluke  about  15  millimeters  long  in  the  liver  of  the  eighth. 

\\'p.en  28  young  beef  cattle  ranging  in  weight  from  176  to  770 
pounds  were  treated  at  the  reduced  concentration  of  1  capsule  to  70 
pounds  of  body  weight,  the  treatment  was  less  than  50  percent  ef- 
fective. All  of  these  animals  developed  mild  diarrhea  but  recovered 
within  a  few  days.  (Alicata) 

Poultry  Parasites 

Relation  of  Nutrition  to  Tapeworm  Infection 

Experimental  work  conducted  during  the  preceding  year  indicatid 
the  importance  of  adequate  nutrition  in  reduction  of  ascarid  infection 
in  ]5onltry.  A  similar  test  has  since  been  made  to  determine  the  rela- 
tion of  nutrition  to  infection  with  tapeworm  ( Hyincuolcpis  cxigua). 
At  time  of  hatching  25  chicks  were  i:)laced  on  a  basal  ration  with 
animal-j^rotein  sup])lements  (fish  meal  and  dried  skim  milk),  and  25 
chicks  on  a  basal  ration  with  plant-protein  supplements  (yeast,  sesame 
meal,  ])eanut  oil,  and  soybean  meal ).  At  the  age  of  3  weeks,  each  bird 
was  fed  100  infective  taneworm  larvae  (  cysticercoids) .  Three  weeks 
later  all  birds  were  killed.  The  average  number  of  tapeworms  found 
in  the  small  intestine  of  each  bird  receiving  the  plant-protein  sui)ple- 
ments  was  66 ;  for  birds  receiving  animal-protein  su])plements  the 
corresponding  degree  of  infection  was  only  14.  Additional  tests  will 
be  made  to  confirm  the  results  of  this  investigation.  (Alicata) 

Life  Cycle  of  the  Caeca!  Fluke,  Postharmostomum  gallinum 

Detailed  studies  have  been  made  during  the  year  on  the  life  cycle 
of  P.  galliuuni.  Eggs  of  this  fluke,  containing  mature  miracidia,  are 
eliminated  with  the  dr()])])ings  of  infected  birds  and  are  ingested  by 
the  land  snail,  liulota  siiuiUiris.    The  eggs  hatch  within  the  snail,  and 
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the  miracidia  migrate  to  the  liver,  where  they  develop  into  branched 
sporocysts  which  give  rise  to  cercariae.  The  latter  mature  about 
60  days  after  infection  and  crawl  out  of  the  snail  only  to  reenter 
through  the  external  renal  duct  and  locate  themselves  in  the  heart 
chamber  ( ])ericardium ) .  In  this  chamber  the  cercariae  develop  in 
about  a  month  into  adolescariae  which  are  infective  when  the  snail 
is  ingested  by  chickens.  The  fluke  re(|uires  about  24  days  in  the 
chicken  before  reaching  the  egg-laying  stage. 

Control  of  this  parasite  may  be  effected  by  eliminating  land  snails 
around  ])oultry  yards  or  confining  the  birds  on  wire  floors  above  the 
ground,  (.\licata) 

Life  Cycle  of  Pinworm,  Subulura  brumpti 

Two  common  pinworms  parasitize  the  caeca  of  local  poultry,  one 
of  wiiich.  Hcfcrakis  (jallimtc,  requires  no  intermediate  host.  The 
life  cycle  of  the  other.  Subuluni  brumpti,  has  been  studied  during  the 
year.  Embryonated  eggs  of  the  ])arasite  are  ingested  bv  an  inter- 
mediate host,  hatch,  and  the  larvae  develop  to  the  stage  infective  to 
chickens  in  about  15  days.  Intermediate  hosts  have  been  found 
under  natural  conditions  to  be  earwigs  ( Euborcllia  aiiiiitlipes)  and 
beetles  ( Dcriiirstcs  Tiilpiniis.  GonoccpJialum  scriatum,  .  I Dunoplionts 
iiisiilaris.  and  Alphitohiiis  diapcrinus) .  Under  ex])erimental  condi- 
tions, grasshoppers  ( Couoccplwlus  sciltator)  have  also  been  found  to 
be  possible  carriers.  About  36  days  after  ingestion  of  infected  ar- 
thropods l)y  the  chickens,  the  larvae  reach  maturity  in  the  caeca  of 
the  birds.    (  Alicata) 

Parasites  of  Horses  in  Hawaii 

During  the  ])ast  few  years  a  collection  of  ])arasites  has  been  made 
from  horses  raised  and  killed  in  Hawaii.  A  large  number  of  these 
])arasites  were  submitted  to  Dr.  A.  ().  Foster  of  the  (iorgas  Memo- 
rial l/'b(iratorv,  f'anama,  for  identification.  Listed  l)elow  are  the 
parasiH's  wliicli  have  been  identified  up  to  the  i)resent  time.  (  .\licala) 

Parasite  Location  found 


Bots 

Gaslr(^f^hiliis  iiilcstiinilis 
GosI  r<  I pli  iliis  luisnlis 


.Stoniacli 
Do 
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Roundworms 

Trichostrougylus  axci 
Habronema  iniiscae 
Habronema  microstoma 
Parascaris  eqiiorum 
Cyatliostomv.m  coronatiim 
Cylicocerciis  catinatiis 
Cylicocercus  gotdi 
Cylicocerciis  pateratiis 
Cylicocyclits  leptostomns 
Cylicocyclns  nassatus 
CylicodontopJioriis  bicoronatits 
Cylicodontophonis  eiiproctiis 
Cylicostcpliamis  asyinetriciis 
CylicosfepJiatius  calicatits 
Cylicostephaiius  loiigibiirsatus 
Cylicosfephanus  minutus 
Gyalocephalns  capitatits 
Oxyuris  eqiii 

Poteriostoniuin  imparidcntatiim 
Probstmayria  viz'ipara 
Strongylits  edcntatiis 
Strongyliis  eqiiinus 
Strongytiis  vulgaris 
Triodontophorits  brevicaiida 
Triodoiifophoriis  serratits 
Tapeworm 

Anoploccphala  perfoHata 


Stomach 
Do 
Do 

Small  intestine 
Large  intestine 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


Plant  Pathology 


Virus  Disease  of  Papaya 

The  papaya  disease,  first  re]K)rted  last  year,  has  Iieeii  shown  to  he 
due  to  a  virus.  Juice  inoculations  from  diseased  plants  to  the  foliage 
of  healthy  pa]:)aya  ])lants,  using  carborundum  as  abrasive,  have  re- 
sulted in  more  than  75-percent  transmission.  (Parris) 

Bean  Rust 

In  the  1''38  annual  report  from  this  station  it  was  stated  that 
differences  in  the  susceptibility  of  certain  bean  varieties,  as  compared 
with  the  findings  of  other  investigators,  led  to  the  belief  that  the 
physiological  form  of  rust  present  in  Hawaii  was  distinct  from  form 
No.  1  or  No.  2. 

Early  in  1939,  field  observations  on  Oahu  indicated  that  many 
introduced  varieties,  previously  immune  or  only  very  slightly  sus- 
ceptible to  rust,  were  no  longer  immune,  and  rust  appeared  in  greater 
or  lesser  abundance  on  both  foliage  and  pods.  Greenhouse  inocula- 
tions have  confirmed  these  observations  and  a  different  form  of  rust 
is  possibly  now  present  in  the  Territory.  The  four  varieties  recom- 
mended to  growers  as  rust  resistant  have  remained  unaffected  by 
this  new  strain.    (Parris.  Welch) 

Virus  of  Yellow  Spot  of  Pineapple  on  Tomato 

Investigations  have  shown  that  the  previously  re])orted  "ring- 
spot"  disease  of  tomato  is  caused  by  the  virus  of  yellow  spot  of 
pineapple.  The  virus  has  been  mechanically  transmitted  from  diseased 
tomato  to  healthy  tomato,  potato,  and  Eiiiilia  sonchifolia.  from  dis- 
eased Emilia  to  healthy  Emilia,  and  from  diseased  potato  to  healthy 
potato  and  tomato.  The  virus  has  also  been  transmitted  from  tomato 
to  tomato  and  potato  and  from  potato  to  tomato  by  grafting. 

All  available  evidence  points  to  the  belief  that  the  virus  of  yellow 
spot  of  pinca]i]ile  is  identical  with  the  virus  of  spotted  wilt,  but  phys- 
ical properties  have  not  yet  been  compared.  (Parris) 

Nematodes  on  Potatoes 

The  nematode  population  in  the  soil  varies  considerably  within  a 
single  row  of  ])otatocs.    A  number  of  hills  were  harvested  singly  and 
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the  tubers  examined  for  the  presence  of  galls  due  to  Heterodera 
iiiarioiii  (  Cornu)  Goodey.  Soil  from  around  the  tubers  was  collected 
at  the  same  time  and  cowpeas  planted  therein  to  serve  as  indicator 
plants.  The  cowpeas  were  pulled  30  days  after  planting  and  the 
number  of  galls  on  the  roots  counted.  Results  show  that  there  is  a 
positive  correlation  between  the  severity  of  galling  of  tubers  and 
the  number  of  nematodes  in  the  soil.  Where  infection  on  tubers 
was  "severe,"  the  average  number  of  galls  per  cowpea  plant  was  228; 
cowpea  roots  grown  in  soil  from  hills  which  showed  "mild"  infection 
and  no  infection  averaged  111  and  75  galls,  respectively,  per  plant. 
Plants  growing  in  adjacent  hills  commonly  showed  wide  differences 
in  nematode  infection  and  gall  count. 

Data  were  also  gathered  from  169  hills,  selected  at  random,  on 
the  relation  of  the  size  of  the  potato  tuber  to  the  severity  of  nematode 
infection.  The  results  are  summarized  in  table  9.  Large  tubers 
seem  to  be  more  liable  to  attack  than  smaller  tubers.  However,  the 
type  of  infection  on  large  tubers  was  more  often  "mild"  than  "severe," 
while  the  reverse  was  true  for  smaller  tubers.    (Parris,  Kikuta) 


Table  9. — Relation  of  size  of  potato  tuber  (variety  Bliss  Triumph)  to  severity 
of  infection  by  Heterodera  marioui,  90  days  after  planting 


Size  of 
tuber 

Total  number 
of  tubers 
examined 

Percentage  of  tubers 

Healthy 

Mild 
infection 

Severe 
infection 

Large 

86 

70 

19 

11 

Medium 

523 

78 

9 

13 

Small 

436 

76 

4 

20 

Early  Blight  of  Potatoes  (Aiternaria  solani) 

The  fungicidal  efficiency  of  4-4-50  bordeaux  mixtures  made  with 
local  stone  lime,  local  slaked  lime,  and  imported  stone  lime  in  the 
control  of  A.  solaiii  was  compared  with  that  of  4-2-50  bordeaux  made 
with  local  stone  lime,  4-57^-50  bordeaux  made  with  slaked  lime, 
Copper  Hydro  "40,"  Cuprocide  "50,"  and  Coposil.  The  last-named 
commercial  product,  tried  previously  in  1937-38  with  little  or  no 
benefit,  was  again  supplied  at  the  rate  of  2  pounds  per  100  gallons. 
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the  CopixT  Hydro  "40"  at  S  iK)un(ls  ])er  100  gallons,  and  the  C'upro- 
cide  "34"  at  3  jiounds  ])cr  100  t^allons. 

Plots  were  harvested  at  intervals  of  70,  SO,  and  '>0  clays  after 
])lanlin<^,  and  the  mean  yields  per  spray  treatment  are  jiresented  in 
table  10. 


Tahle  10. — Effect  of  spray  trcatnicnts  on  yield  of  potatoes  at  intervals  nf  70. 
80,  and  90  days  after  planting 


Spray  treatment 

Mean  yield  per  100  plants ' 

70  days 

80  days 

90  days 

Pounds 

Pounds 

Pounds 

.\. 

4-4-.^0  bordeau.x,  imported  stone  lime 

103 

118 

134 

B. 

4-4-50  bordeaux,  local  stone  lime 

96 

111 

128 

C. 

4-4-50  I)ordeai].\.  local    slaked  lime 

108 

121 

130 

D. 

4-5'/j-50  bordeaux,  local  slaked  lime 

113 

116 

132 

E. 

4-2-50  bordeaux,  local  stone  lime 

99 

110 

124 

F. 

Coposil 

113 

113 

134 

G. 

Co;!per  Hydro  "40" 

102 

111 

12') 

H. 

Cuprocide  "54" 

109 

126 

1.S2 

I. 

Check 

105 

107 

120 

'Standard  error  of  means  ±  6. 


From  table  10  a  few  points  are  outstanding: 

(1)  At  70  days,  no  spray  treatment  gave  a  significantly  higher 
yield  than  the  unsprayed  check.  Treatments  C  and  H  were  both  bet- 
ter than  B,  anfl  treatments  1)  and  F  better  than  either  1>  or  E. 

(2)  At  (SO  days,  treatments  C  and  H  were  better  than  the  check, 
and  H  was  also  superior  to  !>,  E,  F,  and  G. 

f3  )  At  90  days,  treatment  H  was  still  better  than  check,  as 
were  treatments  A,  1),  and  F. 

From  field  observations,  the  best  control  of  A.  solaiii  was  obtained 
with  4-2-50  bordeaux,  while  Co])osil  and  Co]iper  Hydro  "40"  gave 
little  or  no  control.  Why  4-2-30  .s])rayed  ])lots  should  yield  so 
poorl}'  is  not  clear,  although  the  use  of  local  stone  lime  ma\"  be  |iartly 
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the  cause,  evidenced  Ijy  the  fact  that  spraying  with  4-4-50  made  with 
stone  Hme  also  resulted  in  poor  yields.  The  latter  spray  gave  almost 
as  good  control  of  A.  solaiii  as  4-2-50  and  about  the  same  degree  of 
control  as  the  other  bordeaux  sprays.  More  research  will  have  to 
be  carried  out  before  an  exj^lanation  can  be  given  of  the  increase 
in  yield  of  check  plots  at  90  over  70  and  80  days  respectively ;  the 
plants  were  badly  diseased  at  70  days  and  appeared  to  be  dead  at 
80  days.  The  yields  of  plants  sprayed  with  Coposil  and  Copper 
Hydro  "40"  also  illustrate  this  anomaly.  Yields  of  plots  sprayed 
with  Cuprocide  "54"  compared  very  favorably  with  the  best  yields 
obtained  at  70,  80,  and  90  days.    (Parris,  Kikuta) 

Toxicity  of  Bordeoux 

Despite  careful  and  renewed  spraying  with  freshly  prepared  bor- 
deaux (4-4-50),  Alteniaria  solaui  causes  appreciable  destruction  of 
potato  foliage.  Whether  this  may  be  due  to  a  physical  breakdown 
of  the  copper-lime  compound  under  the  high  temperature-humidity 
climatic  conditions  of  Hawaii  is  the  subject  of  laboratory  investiga- 
tion at  present. 

A  number  of  substitutes  for  bordeaux  have  been  developed  in  re- 
cent years,  many  of  them  relatively  useless  as  fungicides  in  the  field  in 
Hawaii.  Field  observations  are  being  checked  with  laboratory  studies, 
using  not  only  the  above  named  pathogene  but  also  A.  hrassicae  from 
cabbage  and  CoIlcfotricJtitm  glocosporioides  from  papaya. 

Findings  to  date  indicate  that  the  following  factors  are  of  impor- 
tance in  these  investigations :  type  of  spore  used,  age  of  spores, 
number  of  spores  per  drop  of  water,  and  age  of  fungicide  after 
preparation.  For  species  of  Altcrnaria,  best  germination  is  achieved 
with  3-  to  5-day-old  spores  from  culture  on  potato  dextrose  agar. 
C.  (jloeosporioides  grows  best  on  slices  of  papaya,  the  host  plant. 

While  germination  of  Colletotrichum  can  be  completely  inhibited 
by  4-4-50  bordeaux,  the  same  cannot  be  said  of  the  muriform  spore 
of  Alteniaria.  In  water,  Altenuvia  spores  commonly  produce  3  to 
5  germ  tubes,  and  in  cabbage  extract  A.  hrassicae  may  produce  as 
high  as  8  germ  tubes  per  spore.  Placed  on  slides  previously  sprayed 
with  bordeaux,  at  least  one  and  sometimes  more  germ  tubes  are 
produced  by  a  small  percentage  of  the  spores.  These  germ  tubes 
may  or  may  not  be  retarded  in  growth  as  compared  with  growth  in 
water.  (Kikuta) 
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Damping-off  Control 

A  number  of  organisms  cause  damping-off  of  vegetable  and  orna- 
mental seedlings  in  Hawaii,  but  species  of  Pxthium  and  RhizoctoHM 
are  tbe  worst  offenders.  Preliminary  studies  with  semesan  and 
cui)rous  oxide.  ai)plied  to  the  surface  of  seeds  before  planting  in 
artificially  infested  soil,  have  demonstrated  that  there  are  real  dif- 
ferences in  damping-off  control  by  these  chemicals  and  also  in  their 
effect  on  jireventing  nr  delaying  seed  germination.  The  following 
chemicals  are  recommended  for  Hawaiian  climatic  conditions: 

Sciiicsaii.  L'se  on  ca])l)age,  cucumber,  puni])kin,  radish,  squash, 
and  watermelon. 

(.'uproiis  oxide  (red  copper  oxide).  Use  on  celery,  eggplant, 
lettuce,  and  tomato. 

SeiJiesa)i  or  cuprous  oxide.  Use  on  beets  and  carrots.  (Matsuura,-^ 
Parris ) 

Miscellaneous  Plant  Diseases 

In  table  11  is  given  a  list  of  fungus  diseases  noted  in  the  Hawai- 
ian Islands  during  the  past  year  but  not  discussed  in  this  report. 
(Parris) 


Graduate  student  in  plant  pathology 
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Plant  Physiology 


Germination  of  Sugarcane  Buds 

During  tlie  year  experiments  have  been  conducted  to  determine 
factors  affectint^'  hud  and  root  development  and  to  account  for  irreg- 
ularities in  germination  api)arently  due  to  time  of  planting.  The 
data  so  far  secured  indicate  that  influencing  factors  include  the  fol- 
lowing: Soil  temperature,  which  de])ends  both  on  season  and  depth 
of  planting;  soil  moisture;  soil  aeration:  number  and  ])osition  of 
buds  on  planting  material;  age  of  seed  piece;  and  carbohydrate  and 
nitrogen  reserves  of  seed  piece. 

The  relative  germination  of  sugarcane  buds  at  three  locations 
and  witli  ])lanting  material  oi  three  ages  was  studied.  Average 
maximum  tem])eratures  at  the  three  sites  were  73.8°,  85.6°,  and  91.6° 
F.  Stalks  of  12-month-old  cane  were  divided  into  seed  jiieces  w^ith 
three  Inids  each,  the  toi)niost  third  of  the  stalk  constituting  ])lanting 
material  from  1  to  4  months  old,  the  middle  pieces  ranging  from  5 
to  8  months  old,  and  the  Iiasal  pieces  from  9  to  12  months  old. 

Table  12  shows  the  degree  of  emergence  and  the  average  time 
required,  numl)er  of  roots,  and  length  of  shoots. 

That  the  tem])erature  vl  the  soil  is  an  im])ortant  factor  in  both 
germination  and  develojiment  is  clearly  evident,  and  it  apjiears  that 
the  irregular  behavior  of  ])lanting  material  can  be  ex])lained,  in  large 
part,  on  the  basis  of  soil  temperature  as  influenced  bv  season  and 
depth  of  planting. 

Observations  during  the  course  of  the  ex])erinienta]  work  indi- 
cated that  when  soil  flats  were  not  watered  regularly,  no  roots  were 
formed.  ()\'erirrigation  or  poor  drainage,  on  the  other  hand,  caused 
rotting  of  roots.  A  soil  which  ])uddled  gave  poorer  germination 
than  a  more  granular  soil  which  remained  well  aerated. 

To  determine  the  effect  of  internal  factors  on  germination,  a 
series  of  tests  was  conducted  in  which  soil  tem]ieraturc  and  moisture 
were  uniforniK  faxdrable.  the  \  arial)le  factors  being  ])lanling  position 
of  the  seed  buds,  number  of  Inids  to  the  seed  ])iece,  and  age  of  plant- 
ing material.  .\s  a  result  of  this  .series,  .several  generalizations  may 
be  made:   (1  )  .Single-bud  seed  pieces  show  better  germination  than 
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Average 
length  of 
shoots 

Centimeters 

49.0 
41.5 
17.0 

30.9 
25.1 
8.6 

39.3 
25.2 
9.3 

Average 
number  of 
cane  roots 

24.9 
19.9 
28.5 

14.5 
12.2 
5.1 

38.5 
34.2 
20.0 

Average 
time  of 
emergence 

Days 

10.3 
12.7 
20.4 

13.5 
12.8 
21.9 

13.8 
14.2 
24.2 

Emergence 

Percent 

93.3 
88.9 
50.5 

74.4 
64.7 
31.8 

77.7 
66.6 
45.2 

Number  of 
seed  pieces 
planted 

OVO^              O'^O  o"^"— 1 
t^tNo^              r^r^co  co^t^ 

Average 
maximum 
soil 
temperature 

Degrees  F. 

91.6 
85.6 
73.8 

91.6 
85.6 
73.8 

91.6 
85.6 
73.8 

Age  of 
planting 
material 

Months 
1-4 

5-8 

9-12 
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longer  seed  pieces;  [2)  planting  multiple-l)U(l  pieces  with  buds  on 
the  side  is  superior  to  planting  with  terminal  buds  up  or  down ; 

(3)  the  terminal  bud  exerts  an  inhibiting  influence  on  the  basal  bud; 

(4)  buds,  whether  terminal  or  not,  if  planted  on  the  upper  side  of 
the  seed  cane  exert  an  inhibiting  influence  on  the  lower  buds  ;  and 

(5)  the  young  seed  pieces  germinate  better  than  the  older  pieces. 
(Clements) 

Grass  Seed  Germination 

In  order  to  improve  germination,  many  different  treatments  of 
chemical  and  mechanical  nature  were  applied  to  seeds  of  31  species 
of  grasses  which  had  been  stored  for  varying  periods  up  to  13  uKJuths. 
( iermination  counts  were  made  every  7  days  for  a  period  of  28  days, 
and  the  percentage  of  germination  was  determined  on  the  basis  of 
total  number  of  fertile  seeds  in  the  sample.  Most  of  the  seeds  bene- 
fited from  treatment,  the  various  species  responding,  however,  to 
different  treatments.  A  few  s])ecies  do  not  require  treatment ;  others 
do  not  improxe  in  germination  with  any  of  the  treatments  under  test. 
In  Slime  cases  the  ])r(iblem  of  low  fertility  is  more  imjxirtant  than  that 
of  germination.  The  number  of  treatments  and  species  involved  in 
the  exj^erimental  work  makes  conclusions  impossible  as  yet ;  the 
pr(i])lem  was  set  u])  on  this  wide  scale  in  an  attempt  to  bring  to  light 
some  of  the  underlying  causes  of  dormancy  in  seeds.  (Clements, 
Akamine) 

Arsenic  Toxicity  to  Plants 

Two  jjlants.  Sudan  grass  {Sort/Iuini  vithiarc  siidancnsc )  and 
bush  bean  (Phascoliis  vulgaris  var.  Intiniilis)  were  grown  in  water 
cultures  containing  known  concentrations  of  arsenic  introduced  as 
.sodium  arsenite,  ranging  from  zero  to  the  previously  ascertained 
toxic  concentration.  Observations  indicated  that  the  arsenic  caused 
injury  to  the  roots,  resulting  in  interference  with  the  plants'  uptake 
of  water.  This  is  reflected  by  wilting  followed  by  death  of  leaf  tips 
and  margins  or,  in  lugher  concentrations,  of  the  entire  leaves.  (Growth 
is  reduced  progressively  as  the  arsenic  concentrations  increase,  and 
arsenic  is  found  in  the  plants  in  concentrations  roughly  proportional 
to  the  concentrations  of  arsenic  in  the  solutions.  Plant  parts  con- 
tained arsenic  in  decreasing  order  as  follows :  Sudan  grass — node, 
leaf,  sucker,  internode,  and  inflorescence;  bush  bean — leaf,  stem  and 
])eti()le,  and  fruit. 
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Both  plants  accumulate  arsenic  in  excess  of  the  legal  tolerance 
limit  when  grown  in  concentrations  of  1  part  per  million  or  more,  but 
the  actually  lethal  concentrations  vary  widely  for  the  two  plants — 
3  parts  per  million  for  the  bean  and  18  parts  per  million  for  Sudan 
grass.    (Clements,  Machlis,  Heggeness) 


Poultry  Husbandry 


Vaccination  of  Day-old  Chicks  for  Control  of  Fowl  Pox 

Day-old  Single  ('(unl)  White  l.cgiinni  chicks  were  separated 
into  three  groups  of  7S  chicks  eacli.  Chicks  in  lot  1  were  vaccinated 
in  the  web  of  the  wing  by  the  "stick"  inethiid  and  in  lot  2  in  the  thigh 
by  tile  "follicle"  method;  lot  3  was  used  as  a  check. 

At  the  end  of  the  fourtli  week  fowl  pox  was  introduced  b\-  |)lac- 
ing  infected  chicks  in  all  ])ens.  F.very  chick  in  the  check  ])en  (not 
vaccinated)  showed  lesions  by  the  sixth  week.  Xo  lesions  ai)peared 
in  either  of  the  vaccinated  lots  at  that  time. 

It  is  evident,  however,  that  if  any  immunity  had  been  actually 
established  in  lot  2,  it  was  only  temporary,  for  at  6  months  these 
pullets,  when  again  exposed  to  fowl  pox,  showed  100  i)ercent  infec- 
tion. Lots  1  and  3  at  the  same  time  appeared  completely  immune, 
lot  3  having  become  ininunie  through  natural  infection. 

Growth  curves  appear  to  indicate  that  pullets  which  were  natur- 
ally infected  with  fowl  j^ox  at  4  weeks  of  age  were  temporarily 
retarded  in  growth,  and  at  6  months  had  not  overtaken  the  two  vac- 
cinated lots.  The  weights  of  pullets  at  6  months  for  lots  1,  2,  and  3 
were  3.6  ])ounds.  3.73  ])ounds,  and  3.2  jiounds,  resjiectively.  (I-5ice) 

Control  of  Coccidiosis  in  Wire-floored  Batteries  and  Houses 

Data  obtained  over  a  3-year  period,  with  13.000  chicks  in  wire- 
floored  batteries  and  growing  units,  indicate  that  coccidiosis  can  be 
controlled.  During  this  period,  coccidiosis  ap])eared  in  only  one 
group  of  .^0  cockerels,  after  they  had  been  moved  from  the  chick 
batteries  at  6  weeks  of  age. 

Several  commercial  poultrymen  have  adopted  this  method  of 
rearing  balu'  chicks  and  re])ort  very  satisfactory  results.  Not  only 
has  coccidiosis  been  controlled,  but  the  mortality  in  many  cases  lias 
been  reduced  from  23  ])ercent  to  less  than  3  i)ercent  during  the  first 
6  weeks  of  brooding.     (  P>ice  ) 

Feed  and  Growth  Studies  on  New  Hampshire  Chickens 

Feed  and  growth  records  from  one  day  througii  the  twenty- 
fourth  week  were  ol)tained  on   .\'cw   namjishire  chickens  for  tlie 
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purpose  of  serving  as  a  guide  to  the  many  poultrymen  who  are 
interested  in  this  breed. 

The  total  feed  consumed  per  bird  was  36.1  poimds  for  the  males 
and  36.2  pounds  for  the  females.  Since  the  males  were  much  heavier 
than  the  females  at  24  weeks  (6.25  and  4.5  pounds,  respectively) 
they  are  shown  to  be  more  efficient  flesh  producers.  To  produce  a 
pound  of  live  weight  recjuired  5.77  pounds  of  feed  for  males,  8.04 
pounds  for  females. 

In  comparing  New  Hampshires  with  White  Leghorns,  no  dif- 
ference in  rate  of  gain  was  found  to  the  end  of  the  seventh  week. 
Both  varieties  averaged  1.3  pounds  at  that  age.  Later  gains  were 
more  rapid  and  produced  more  economically  with  the  New  Hamp- 
shires than  with  the  White  Leghorns. 

The  study  indicates  that  the  new  Hampshires  make  satisfactory 
broilers,  fryers,  and  roasters.  (Bice) 

Egg  Production  of  Hybrid  Japanese  Shamo  Game  Pullets 

Studies  of  crossbred  poultry  reported  last  year  indicated  the 
superiority  in  respect  to  hatchability  and  rate  of  growth  of  hybrids 
from  matings  of  Japanese  Shamo  Game  males  with  Barred  Plymouth 
Rock,  Rhode  Island  Red,  and  Single  Comb  White  Leghorn  females 
over  pullets  from  purebred  parental  matings. 

Sixty  hybrid  females  and  sixty  purebred  Single  Comb  White 
Leghorn  females  in  their  first  year  of  lay  were  compared  on  the 
basis  of  egg  production.  The  duration  of  the  test  was  9  months, 
during  which  time  the  birds  were  confined  in  hen  batteries. 

The  sixty  hybrid  pullets  averaged  103.63  eggs  with  an  average 
egg  weight  of  22.11  ounces  per  dozen.  In  the  purebred  group  the 
sixty  pullets  had  an  average  of  149.7  eggs,  and  an  average  egg 
weight  of  22  ounces  per  dozen.  The  difference  in  egg  produc- 
tion indicates  rather  clearly  the  superiority  of  the  purebred  Single 
Comb  White  Leghorns  over  the  hybrid  offspring  of  the  Japanese 
Shamo  Game  mated  with  the  Leghorns. 

This  result  is  in  agreement  with  other  reports  where  high- 
producing  strains  crossed  with  a  low-producing  strain  have  produced 
hybrid  offspring  intermediate  in  laying  capacity.  (Bice) 
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Breeding  of  Poultry  in  Confinement 

A  comparative  >uuly  of  breeding  birds  in  confinement  and  on 
the  ground  has  l)een  in  ])rogress  during  the  past  year.  High  land 
values,  together  with  a  rather  intensive  system  of  raising  poultry, 
have  brought  demands  for  data  relative  to  the  jierformance  of  breed- 
ing stock  in  close  confinement. 

Twelve  pedigreed  breeding  jjens.  each  containing  ten  hens  and 
one  male,  were  mated;  six  lots  were  confined  on  wire-floored  houses, 
and  six  were  gi\en  access  to  a  breeder  house  and  to  the  ground. 

Results  of  this  experiment  are  summarized  in  table  13. 


T.\BLE  13. — I''ertility  and  hatcliability  as  influenced  by  confinement  of  birds  on 

wire  floors 


Variety 

Number 

Fertile 

Number 
of 

Hatchability 

of 

eggs  set 

eggs 

vigorous 
chicks 

Total 

eggs 

Fertile 

eggs 

Percent 

Percent 

Percent 

.Single  C(imi)  W'liitc 

Legliorns  in 

confinement 

1390 

89.8 

776 

55.8 

62.1 

Single  Comb  W'bite 

Leghorns  on  ground 

1824 

73.4 

867 

47.5 

64.7 

Barred  Plymouth  Rocks 

in  confinement 

311 

77.2 

162 

52.1 

67.5 

Barred  Plymouth  Rocks 

on  ground 

346 

78.0 

176 

50.9 

65.2 

Differences  in  fertilitv  and  hatchability  between  the  birds  on  the 
ground  and  those  entirely  on  wire  floors  were  not  sufficient  to  indi- 
cate superiority  of  either  method.  It  is  apparent  that  breeders  can 
be  kept  in  complete  confinement  successfully  in  the  Territory.  (Bice) 


Utihzation  of  Urea  Nitrogen 

ICx])eriments  both  in  the  United  States  and  in  Europe  have  shown 
that  ruminants  can  utilize  simjile  nitrogenous  cont]K)unds  as  a  ])ro- 
tein  supplement,  ])resumably  through  bacterial  synthesis  of  ])rotein 
within  the  rumen.  A  controlled  experiment  was  undertaken  tn  deter- 
mine whether  a  similar  jjrocess  occurred  to  any  measural)le  extent 
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with  poultry.  Definite  protein  starvation  characterized  by  retarded 
growth  was  observed  when  urea  was  fed  as  the  supplement  to  a  low- 
protein  ration.  Apparently,  the  digestive  tracts  of  poultry  are  not 
capable  of  synthesizing  protein  from  simple  nitrogenous  compounds 
such  as  urea  by  bacterial  action.    (Bice,  Dean) 

Salt  Balance  of  Molasses  Feed 

Excessive  amounts  of  molasses  in  rations  give  rise  to  diuretic 
effects.  In  order  to  determine  the  amount  of  molasses  which  can 
be  added  to  feeds  without  causing  these  effects,  a  preliminary  experi- 
ment was  conducted  with  salt  mixtures  in  synthetic  diets.  Excessive 
amounts  of  either  sodium  or  potassium  chloride  caused  diuretic  effects. 
(Bice,  Dean) 
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Bulletins  and  Reports 

80.  Alicata,  Joseph  E. 

observations  on  the  life  history  of  fasciola  gkian- 
tica.  the  common  liver  flltke  of  cattle  in  hawaii, 
and  the  intermediate  host.  fossaria  ollula.  22  pp., 
illus.    (Aug.  1938) 

81.  Bice,  Charles  M..  and  Tow  er.  1>enjamin  A. 

CROSSBREEDING  POULTRY  FOR  MEAT  PRODUCTION,  INCLUD- 
ING A  FEEDING  TEST  OF  TARO  WASTE  AND  POL     19  ])p..  illus. 

(Jan.  1939) 

82.  Whitney,  L.  D.,  Hosaka,  E.  \..  and  Ripperton,  J.  C. 

GRASSES  OF  THE  HAWAIIAN  RANGES.     148  pp.,  illus.     (  May 

1939) 

83.  MoLTZAU,  R.  H.,  AND  Ripperton.  J.  C. 

PROCESSING  OF  THE   MACADAMIA.  31  ])p.  illus.  I  JuilC  1939) 

Report  of  the  Hawaii  Agricultural  Experiment  Station, 
1938.    101  pp..  illus.    (May  1939) 

Technical  Papers 

24.    Alicata.  Joseph  E. 

THE  land-snail  AN  INTERMEDIATE    HOST   OF    THE  CECAL 

FLUKE  OF  POULTRY.    Sciciice  88  (2275):    129.  (Aug. 
1938) 
34.   

LIFE  HISTORY  OF  THE  CECAL    FLUKE,  POSTHARMOSTOMUM 

GALLiNUM,  oi-  POULTRY.  Jouf.  Parasitol.  24  ( 6  sup.): 
29.    (Dec.  1938) 


PRELIMINARY  NOTE  ON  THE  LIFE  HISTORY  OF  SUBULURA 
BRUMPTI,  A  COMMON  CECAL    NEMATODE    OF    POULTRY  IN 

HAWAII.  Jour.  Parasitol.  25  (2:  179-180,  illus.  (April 
1939) 
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Alicata,  Joseph  E.,  and  Chang,  Ellen, 
the  life  history  of  hymenolepis  exigua,  a  cestode  of 
POULTRY  IN  HAWAII.  Jour.  Parasitol.  25  (2)  :  121-127, 
illus.    (April  1939) 

Dean,  L.  A. 

SOME  ASPECTS  OF  THE  CHEMISTRY  OF  SOIL  COLLOIDS.  Ha- 
waii. Planters  Rec.  42  (3)  :  163-166,  illus.    (Sept.  1938) 

 ,  AND  Beaumont,  J.  H. 

SOILS  AND  FERTILIZERS  IN  RELATION  TO  THE  YIELD, 
GROWTH    AND    COMPOSITION  OF  THE  COFFEE  TREE.  Amer. 

See.  Hort.  Sci.  Free.  (1938)  28-35,  illus.  (April  1939) 
FuKUNAGA,  Edward  T.,  and  Dean,  L.  A. 

MINERALIZABLE  NITROGEN  IN  SOME  HAWAIIAN  SOILS.  Ha- 
waii. Planters  Rec.  43  (1)  :   17-22,  illus.    (March  1939) 

 and  

a  simple  apparatus  for  the  rapid  determination  of 
MOISTURE  BY  THE  CARBIDE  METHOD.  Hawaii.  Planters 
Rec.  43  (1):  3-5,  illus.    (March  1939) 

Hamre,  Christopher  J.,  and  Miller,  Carey  D. 

STUDIES  in  nutritional  ANEMIA  OF  THE  RAT  I.  THE  IN- 
FLUENCE OF  THE  SPLEEN  ON  RECOVERY.  Fol.  Haematol. 
61 :  224-238. 

Miller,  Carey  D. 

determination  of  a  curve  of  response  to  synthetic 

crystalline  THIAMIN,  FOR  USE  IN  THE  VITAMIN  Bi  AS.SAY 
OF  FOODS  BY  THE  RAT-GROWTH   METHOD.     Jour.  Nutr.  17 

(6  and  sup.)  :  535-544,  illus.    (June  1939) 
Parris.  G.  K. 

A  NEW  DISEASE  OF  PAPAYA  IN  HAWAII.    Amer.  SoC.  Hort. 

Sci.  Proc.  (1938)  263-265.  illus.    (April  1939) 
Wadsworth,  H.  a. 

effect  of  temperature  upon  the  moisture-content  

SURFACE-FORCE  CURVE  OF  SOIL.  Soil  Sci.  47  (6)  :  473-478. 
illus.    (June  1939) 


RATES    OF    TEMPERATURE   CHANGES   IN  SOILS   AT  VARIOUS 
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MoisTURR  CONTENTS.  Soil  Sci.  47  (6)  :  467-471.  illus. 
(June  1939) 

35.  . 

SOME  FACTORS  INFLUENCING   THE    HEAT   OF    WETTING  OF 

SOILS.    Soil  Sci.  47  (5)  :  385-390.    (May  1939) 
29.    Welch,  J.  E. 

PERFORMANCE  IN  HAWAII  OF  TOMATO  STRAINS  DEVELOPED 

FOR  THE  -SOUTHERN  STATES.  Aiiier.  Soc.  Hort.  Sci.  Proc. 
(1938  )  701-704.    (April  1938) 


Miscellaneous 

Foster.  A.  O..  and  Alicata,  J.  E. 

NOTES   on    parasites   OK  HORSES  IN  HAWAII.     I  Iflmiuthol. 

Soc.  Wash.  Proc.  6(1):  4-S.    (Jan.  193')) 
Henke,  L.  a. 

ABERDEEN-ANGUS  CATTLE    IN    HAWAII.  .\l)Crdeen-AngUS 

Rev.  40:  28-29,  illus.    (Dec.  1938) 


LIVESTOCK — Hawaii's  third  industry.  I'araclise  of  the 
Pacific    50  (12):  58-61.  illus.    (Dec.  1938) 

 Work,  S.  H.,  and  Burt,  A.  W. 

TEST  CANE  MOLASSES  AS  CATTLE  FEED  IN  HAWAII.  Allier. 

Hereford  Jour.  29  (17)  :  62,  illus.    (Jan.  1939) 

Parris,  G.  K. 

the  reactions  of  introduced  bean  varieties  to  rust 

(UROMYCES  PHASEOLI  TYPICA)     IN    HAWAII.       Plant  Dis. 

Reporter  22:  424-428  (Mimeo.)    (Dec,  lO.SS) 


THE  DISEASES  OF  TRUCK  CROPS  IN  HAWAII.  Hawaii  Uuiv. 
Agr.  Ext.  Serv.  Ext.  Bui.  33,  78  pp.,  illus.    (Oct.  1938) 

 AND  Welch.  J.  E. 

FOUR  COMMERCIAL  VARIETIES  OF  GARDEN  BEANS  RESI.STANT 

TO  RUST  IN  HAWAII.  Hawaii  Univ.  Agr.  Ext.  Serv.  Agr. 
Notes  157,  4  pp.  (Mimeo.)    (Sept.  1938) 

(Pier  son) 


Branch  Stations  and  Farms 


Kono  Branch  Station 

This  branch  station,  at  an  elevation  of  1,500  feet,  now  has  an 
area  of  12.16  acres.  During  the  year  the  coffee  investigations  were 
increased  by  the  installation  of  several  more  fertilizer  experiments 
in  orchards  of  cooperators.  The  experiments  have  yielded  valuable 
results,  and  numerous  meetings  with  farmers  haA-e  resulted.  Experi- 
ments with  macadamia,  citrus,  avocado,  mango,  taro,  and  cattle 
feeding  are  also  ])eing  followed  with  interest.  This  is  especially  true 
of  the  macadamia  propagation  and  nursery  investigations.  Numerous 
inquiries  and  visits  have  been  received  in  connection  with  this  work. 

During  the  year,  2,380  grafted  trees  of  60  selected  varieties  of 
macadamia  were  grown,  packed,  and  set  in  variety  tests  on  Hawaii, 
i\Iaui.  and  Oahu.  In  addition,  400  seedlings  were  grafted,  and  these 
will  be  available  for  transplanting  to  field  tests  during  the  coming 
vear.  Approximately  1,100  cuttings  of  avocado  graftwood  from  five 
of  the  best  avocado  trees,  1,000  taro  plants,  60  sweetpotato  slips, 
and  30  breadfruit  root  cuttings  have  been  distributed  to  farmers  and 
home  owners  throughout  the  islands.  (Pahau) 

Haleakala  Branch  Station 

This  Ijranch  station,  located  2  miles  above  Makawao  on  the 
slopes  of  Haleakala,  at  an  elevation  of  about  2,200  feet,  consists  of 
38.66  acres.  One-third  or  slightly  over  10  acres  is  cut  off  by  a  large 
gulch.  This  area  is  planted  to  grasses,  including  aggressive,  tropical, 
and  temperate  species,  cross-fenced  into  four  2j4-acre  paddocks.  The 
west  portion  is  devoted  to  Napier  and  Napier  strain  grazing  trials, 
palatability  trials  of  selected  species,  and  grass  gardens.  Approxi- 
mately 218  species  and  subspecies  of  world-wide  introduction  are 
represented  in  the  grass  gardens.  Seventeen  head  of  steers  are 
carried  on  grazing  trials. 

Horticulture  plantings  include  208  macadamia  trees,  60  litchi 
trees,  and  small  fruits. 

A  mule  barn  has  been  erected,  cattle  scales  and  a  holding  pen 
constructed,  the  foreman's  home  enlarged,  a  three-car  garage  rebuilt. 
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the  superintendent's  house  remodeled,  and  all  new  construction  given 
a  coat  of  stain.  Many  new  cross  fences  for  cattle  grazing  have  been 
built  and  all  boundary  fences  rebuilt.  (Murphy) 

Poamoho  Farm 

Tliis  farm,  between  Wahiawa  and  Waialua,  is  typical  of  much 
of  the  land  on  the  Island  of  Oahu.  It  was  acquired  September  1, 
1937,  and  consists  of  30.8  acres ;  an  additional  area  of  4.3  acres  is 
leased.  An  irrigation  system,  implement  shed,  and  combination 
greenhouse  and  ]:ilant  propagation  house  were  completed  the  first 
year.  During  the  past  year  an  attractive  residence  was  built  for  the 
farm  foreman,  and  the  grounds  have  been  landscaped. 

Experimental  work  during  the  year  was  limited  to  investigations 
in  horticulture  and  agronomy.  Fifteen  acres  were  devoted  to  potato 
investigations,  10  acres  to  papayas,  5  acres  to  macadainia  trees,  and 
5  acres  to  various  grasses  and  legumes.  (McDougal) 
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